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M^jggj^^SUBSTITUTE SPECIFICATION 

PATTERN FORMING METHOD AND APPARATUS USED FOR 
SEMICONDUCTOR DEVICE, ELECTRIC CIRCUIT, DISPLAY MODULE, 

AND LIGHT EMITTING DEVICE 

[0001] Technical Field 

[0002] The present invention relates to the high density mounting and 
manufacturing of a semiconductor device, liquid crystal device, or other 
component device having thin-film layers, and relates more particularly to a 
pattern forming method and apparatus that do not require a reduced pressure 
environment during device manufacture and can be used for forming patterns 
near atmospheric pressure, and to devices manufactured by this method. 

[0003] Background Art 

[0004] Semiconductor devices are manufactured by repeatedly performing 
film formation and film patterning operations. Figs. 33(1) - 33(3) and Figs. 
34(1) - 34(3) are process diagrams showing an example of a conventional 
patterning process. 

[0005] When forming wiring, for example, on the surface of a semiconductor 
substrate 1 as shown in Fig. 33 (1), a wiring layer 2 is first formed as shown in 
Fig. 33 (2) by plasma CVD on the surface of the semiconductor substrate 1 
having formed thereon an insulation film not shown in the figures. It should 
be noted that this wiring layer 2 may also be formed by sputtering. 

[0006] After thus forming a wiring layer 2 on the semiconductor substrate 1, 
the wiring layer 2 is coated with a photoresist to form a resist layer. This 
resist layer is passed through exposure and photoetching processes to form a 
patterned resist layer 3 such as shown in Fig. 33 (3). 

[0007] As shown in Fig. 34 (1), the semiconductor substrate 1 is then 
introduced to a dry etching process and the wiring layer 2 is etched using the 
resist layer 3 as a mask. After leaving the wiring layer 2 below only the resist 
layer 3 as shown in Fig. 34 (2), the resist layer 3 located above the wiring 
layer 2 is removed with solvent (see Fig. 34 (3)). 

[0008] A wiring pattern 4 formed from wiring layer 2 can thus be formed 
through these processes on the surface of semiconductor substrate 1. 

[0009] However, problems such as described below are presented with the 
above-described manufacturing process. 

[0010] That is, most of this conventional patterning process is performed in a 
vacuum state (reduced pressure environment). Vacuum process equipment is 

SubstituteSpec.doc 1 
Customer No. 20178 



P6495a 10/026,286 

therefore essential to this patterning process. The problem with such vacuum 

process equipment is that energy consumption including that by basic 

ancillary equipment for external venting and coolant when the processes are 

run is massive, accounting for 60% or more of the energy required by the 

manufacturing process. 

[0011] Why such massive energy consumption is necessary is due to the 
following parts of the vacuum process equipment. These include the load lock 
chamber for transporting work from an atmospheric pressure environment 
into a vacuum state, plural dry pumps and turbo pumps for lowering the 
process chamber to a vacuum, the increased footprint required to provide 
plural chambers in order to improve throughput and the attendant increase in 
clean room size and increase in basic equipment used to maintain the same. 

[0012] In addition, vacuum plasma etching is also used in conventional 
pattern forming processes. Etching with vacuum plasma, however, requires 
changing the etching gas according to the material of the film to be etched. It 
is therefore necessary to install etching equipment compatible with the 
different etching gases used. The equipment thus becomes larger in order to 
provide plural different types of systems, thus leading to increased equipment 
costs. 

[0013] In order to clean reaction products adhering to the inside of the 
chamber with CVD equipment used for insulation film formation, for example, 
it has also been necessary to use CHF3, CF4, or other PFC gas with a high 
global warming coefficient. These PFC gases are also used for etching during 
pattern forming. Great expense is therefore required with conventional 
pattern forming processes in order to process waste gas from the etching 
equipment and waste gas from cleaning the CVD. equipment. 

[0014] OBJECTS OF THE INVENTION 

[0015] The present invention is directed to the problems of the prior art 
described above, and an object of the invention is to enable forming patterns 
without using vacuum equipment. 

[0016] A further object of the present invention is to simplify the equipment 
for forming patterns, and to reduce the production cost. 

[0017] A yet further object of the present invention is to reduce the energy 
used for pattern forming. 

[0018] Another object of the present invention is to enable forming patterns 
without PFC gas. 

[0019] DISCLOSURE OF THE INVENTION 
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[0020] To achieve the above object, a pattern forming method according to the 
present invention is characterized by forming a mask on a workpiece surface. 
The mask has pattern-forming openings, and by supplying and solidifying a 
liquid pattern material in the pattern-forming openings of the mask, a pattern 
comprised of the solidified pattern material is formed on the workpiece. An 
organometallic compound solution or a solution of a powder of an inorganic 
material dissolved in solvent can be used as the liquid pattern material. 

[0021] Thus comprised, the present invention can form a pattern by simply 
filling and solidifying a liquid pattern material in pattern-forming openings 
formed in a mask disposed on the workpiece surface. The present invention 
therefore does not need to use high cost vacuum equipment. As a result, the 
present invention does not require a load lock chamber for transporting work 
into a vacuum environment, plural dry pumps and turbo pumps for making 
the process chamber a vacuum, nor the increased footprint required to provide 
plural chambers in order to improve throughput and the attendant increase in 
clean room size and increase in basic equipment used to maintain the same. 
The present invention therefore helps simplify the required equipment, reduce 
the amount of energy used in pattern forming, and reduce the pattern forming 
cost. Furthermore, because the present invention does not use CVD, for 
example, it is not necessary to use PFC gas having a high global warming 
coefficient in order to clean the film formation equipment, thus reducing cost 
and significantly reducing the effect on the global environment. A desired 
pattern can also be easily formed on the surface of a flat workpiece. 

[0022] A further pattern forming method according to the present invention is 
characterized by comprising a mask-forming process for forming a mask 
having pattern-forming openings on a workpiece surface; a pattern material 
supplying process for supplying the liquid pattern material to the mask openings 
while also drying the liquid pattern material; a process for removing the mask from 
the workpiece; and an annealing process for annealing dried solute of the liquid 
pattern material. 

[0023] Thus comprised, the present invention can, as noted above, form a 
desired pattern without using vacuum equipment, and can achieve the same 
effects described above. In addition, because the solute is annealed after 
drying and solidifying the liquid pattern material, which is supplied to the 
pattern-forming openings of the mask by evaporating solvent in the liquid 
pattern material, the occurrence of voids due to rapid heating can be avoided 
and a deformation-free pattern with low internal stress can be achieved even 
when a high temperature is required to sufficiently solidify the solute. 
Moreover, because supplying the liquid pattern material and drying the liquid 
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pattern material occur at the same time, the present invention can shorten 

the time needed to dry the liquid pattern material and can simplify the 

process. Yet further, because the solute is annealed after removing the mask, 

the solute can be annealed at a high temperature without resulting in 

carbonization of the mask and other results that are undesirable for the mask, 

and a detailed pattern can thus be formed. 

[0024] A further pattern forming method according to the present invention is 
characterized by comprising a mask-forming process for forming a mask 
having pattern-forming openings on a workpiece surface; a pattern material 
supplying process for supplying a liquid pattern material to the mask 
openings; a drying process for evaporating solvent in the liquid pattern 
material; a mask removal process for removing the mask from the workpiece; 
and an annealing process for annealing dried solute in the liquid pattern 
material. 

[0025] In this case the liquid pattern material can be dried after the liquid 
pattern material is supplied to the pattern-forming openings of the mask. As a 
result, this aspect of the invention can easily and reliably dry the liquid 
pattern material and enable efficient pattern forming even when some time is 
required to dry the liquid pattern material. 

[0026] A further pattern forming method according to the present invention is 
characterized by comprising a mask forming process for forming a mask 
having pattern-forming openings on a workpiece surface; a pattern material 
supplying process for supplying a liquid pattern material to the mask 
openings; a solidifying process for solidifying the liquid pattern material 
supplied into the openings; and a mask removal process for removing the 
mask from the workpiece after sequentially performing plural times the 
pattern material supply process and solidifying process. 

[0027] By thus supplying the liquid pattern material to the pattern-forming 
openings of the mask plural times and solidifying the liquid pattern material 
each time the pattern material is supplied, a detailed pattern with extremely 
low distortion can be formed and a good pattern configuration can be achieved. 
It is also possible to easily form patterns with a thick film thickness that are 
difficult to form when the liquid pattern material is supplied in one step. 

[0028] A further pattern forming method according to the present invention is 
characterized by comprising a mask forming process for forming a mask 
having pattern-forming openings on a workpiece surface; a pattern material 
supplying process for supplying a liquid pattern material to the mask 
openings; an adherent liquid removal process for removing liquid pattern 

SubstituteSpec.doc 4 
Customer No. 20178 



P6495a 10/026,286 

material that adhered to the mask surface when the liquid pattern material 

was supplied to the openings; a drying process for drying by evaporating 

solvent in the liquid pattern material in the openings; an annealing process 

for annealing the dried solute after sequentially performing plural times the 

pattern material supply process, adherent liquid removal process, and drying 

process; and a mask removal process for removing the mask from the 

workpiece. 

[0029] By thus supplying the liquid pattern material to the pattern-forming 
openings of the mask multiple times and drying and annealing the liquid 
pattern material each time the pattern material is supplied, a detailed, thick 
film thickness pattern with little distortion can be achieved. Furthermore, 
because liquid pattern material adhering to the mask surface is removed 
before drying the liquid pattern material, unnecessary material adhering to 
the mask surface that is difficult to remove when dry can be removed easily, 
and mask removal also becomes simple. 

[0030] A further pattern forming method according to the present invention is 
characterized by comprising a mask forming process for forming a mask 
having pattern-forming openings on a workpiece surface; a pattern material 
supplying process for supplying a liquid pattern material to the mask 
openings; a drying process for drying by evaporating solvent in the liquid 
pattern material in the openings; and an annealing process for annealing the 
dried solute after sequentially performing plural times the pattern material 
supply process and drying process. 

[0031] The invention thus comprised can achieve an extremely low distortion, 
detailed pattern having an excellent shape with little deformation. This aspect 
of the invention is particularly useful for pattern forming not requiring mask 
removal, such as when the mask is formed from Si02 or other dielectric 
material and a wiring pattern is formed from a conductive material. 

[0032] A yet further pattern forming method according to the present 
invention is characterized by comprising a mask forming process for forming a 
mask having pattern-forming openings on a workpiece surface; a pattern 
material supplying process for supplying a liquid pattern material to the mask 
openings; a solidifying process for solidifying the liquid pattern material 
supplied into the trenches; a solid material removal process for removing 
solids of the liquid pattern material that adhered to the mask surface when 
the liquid pattern material was supplied to the mask openings; and a mask 
removal process for removing the mask from the workpiece after sequentially 
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performing plural times the pattern material supply process, solidifying 

process, and solid material removal process. 

[0033] By thus supplying the liquid pattern material to the pattern-forming 
openings of the mask plural times and solidifying the liquid pattern material 
each time the pattern material is supplied, a detailed, pattern with even less 
internal stress can be achieved. Furthermore, because solids adhering to the 
mask are removed each time the liquid pattern material is supplied to the 
mask openings, the solids can be removed relatively easily. 

[0034] A further pattern forming method according to the present invention is 
characterized by comprising a mask forming process for forming a mask 
having pattern-forming openings on a workpiece surface; a pattern material 
supplying process for supplying a liquid pattern material to the mask 
openings; a drying process for drying by evaporating solvent in the liquid 
pattern material in the openings; a solid material removal process for 
removing dried solids of the liquid pattern material that adhered to the mask 
surface when the liquid pattern material was supplied to the mask openings; 
an annealing process for annealing the dried solute after sequentially 
performing plural times the pattern material supply process, drying process, 
solid material removal process; and a mask removal process for removing the 
mask from the workpiece. 

[0035] By thus drying the liquid pattern material each time the liquid pattern 
material is supplied to the pattern-forming openings in the mask, this aspect 
of the invention can also achieve a detailed pattern with low internal stress. 
Furthermore, the solids can be removed relatively easily because solids 
adhering to the mask surface are removed each time the liquid pattern 
material is dried. 

[0036] A yet further pattern forming method according to the present 
invention is characterized by comprising a mask forming process for forming a 
mask having pattern-forming openings on a workpiece surface; a pattern 
material supplying process for supplying a liquid pattern material to the mask 
openings; a drying process for drying by evaporating solvent in the liquid 
pattern material in the openings; a solid material removal process for 
removing dried solids of the liquid pattern material that adhered to the mask 
surface when the liquid pattern material was supplied to the mask openings; 
an annealing process for annealing the dried solute; and a mask removal 
process for removing the mask from the workpiece after sequentially 
performing plural times the pattern material supply process, drying process, 
solid material removal process, and annealing process. 
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[0037] By thus drying and annealing the liquid pattern material each time 
the liquid pattern material is supplied to the pattern-forming openings in the 
mask, this aspect of the invention can achieve a detailed pattern with 
extremely low internal stress, and can easily form a pattern with a thick film 
thickness. 

[0038] At least the surface of the mask is preferably hydrophobic. If the 
workpiece is then rotated, for example, when supplying the liquid pattern 
material to the pattern-forming openings in the mask, liquid pattern material 
on the workpiece surface will move easily over the workpiece surface and into 
the openings, and the liquid pattern material can thus be supplied easily, 
quickly, and. evenly into the pattern-forming openings. Material adhering to 
the mask surface can also be easily removed because the mask surface is 
hydrophobic. 

[0039] The mask can be formed from a fluororesin or other hydrophobic 
material. If the mask is thus formed from a hydrophobic material, a process 
for imparting hydrophobic properties to the mask can be omitted, and the 
process can be simplified. 

[0040] In an aspect of the invention, the liquid pattern material is solidified 
by applying heat. Solidification by heating does not require expensive 
equipment, is very safe because curing chemicals are not needed, and thus 
helps simplify the process. Depending upon the liquid pattern material, the 
liquid pattern material can, of course, be solidified by emitting, for example, 
an electron beam or ultraviolet light. 

[0041] Heating and solidifying the liquid pattern material can as necessary 
comprise a drying process and an annealing process. This makes it possible to 
avoid producing voids in the pattern or deforming the pattern shape, and can 
achieve a detailed pattern with low internal stress. It will be noted, however, 
that the annealing process is not required if sufficient solidification is possible 
at a drying temperature of, for example, 80° to 120°C. Yet further, the drying 
process can be omitted if the process can start at a high temperature without 
causing any problems. 

[0042] In an aspect of a pattern forming method of the present invention, the 
mask is removed according to need. For example, if the mask is made from a 
photoresist, the mask is removed by ashing in ozonated water or activated 
oxygen under atmospheric pressure. 

[0043] In another aspect of a pattern forming method of the present 
invention, the liquid pattern material is preferably solidified after removing 
liquid pattern material adhering to the mask surface. By thus removing 
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material from the mask surface while still liquid, even materials that are 

difficult to remove once solidified can be easily removed, and the mask, for 

example, can also be easily removed. 

[0044] In another aspect of a pattern forming method of the present 
invention, the annealing process is performed according to need after 
removing the mask from the workpiece. By first removing the mask when the 
annealing temperature exceeds the allowable temperature of the mask, 
sufficient annealing can be achieved and it is possible to avoid making mask 
removal difficult as a result of annealing changing the properties of the mask. 

[0045] In another aspect of a pattern forming method of the invention, 
removing the mask and annealing the solute can be accomplished 
simultaneously by forming the mask from a material with a high breakdown 
temperature. As a result, the process can be simplified. 

[0046] A further pattern forming method according to the present invention is 
characterized by comprising a mask forming process for forming a mask 
having pattern-forming openings on a workpiece. surface; a pattern material 
supplying process for supplying the liquid pattern material to the mask 
openings while also drying the liquid pattern material; an annealing process 
for annealing dried solute of the liquid pattern material; and a process for 
removing the mask from the workpiece. 

[0047] By supplying the liquid pattern material to pattern-forming openings 
in the mask, and drying and annealing it to solidify, the present invention 
thus comprised can easily form a pattern without using vacuum equipment, 
and thus achieves the same effects described above. Moreover, because 
supplying and drying the liquid pattern material occur at the same time, the 
pattern forming time can be shortened and the process simplified. In addition, 
the invention prevents producing voids in the formed pattern, and prevents 
deformation of the formed pattern, because annealing occurs after drying the 
liquid pattern material. 

[0048] A further pattern forming method according to the present invention is 
characterized by comprising a mask forming process for forming a mask 
having pattern-forming openings on a workpiece surface; a pattern material 
supplying process for supplying a liquid pattern material to the mask 
openings; a drying process for evaporating solvent in the liquid pattern 
material; an annealing process for annealing dried solute in the liquid pattern 
material; and a mask removal process for removing the mask from the 
workpiece. 
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[0049] This aspect of the present invention also does not require vacuum 
equipment, and achieves the same effects described above. Moreover, because 
drying the liquid pattern material occurs after supplying the liquid pattern 
material to the pattern-forming openings is completed, even liquid pattern 
materials that take a relatively long time to dry can be reliably dried, and a 
pattern free of voids and deformation can be reliably formed. 

[0050] A further pattern forming method according to the present invention is 
characterized by comprising a mask forming process for forming a mask 
having pattern-forming openings on a workpiece surface; a pattern material 
supplying process for supplying a liquid pattern material to the mask 
openings; an adherent liquid removal process for removing liquid pattern 
material that adhered to the mask surface when the liquid pattern material 
was supplied to the openings; a drying process for drying by evaporating 
solvent in the liquid pattern material in the openings; a mask removal process 
for removing the mask from the workpiece after sequentially performing 
plural times the pattern material supply process, adherent liquid removal 
process, and drying process; and an annealing process for annealing the dried 
solute. 

[0051] By thus supplying the liquid pattern material to the pattern-forming 
openings in the mask over plural steps and drying the liquid pattern material 
each time the liquid pattern material is supplied, the invention thus 
comprised can achieve a detailed pattern with low internal stress. Material 
adhering to the mask surface can also be easily removed because liquid 
pattern material adhering to the mask surface is removed before it solidifies. 

[0052] A yet further pattern forming method according to the present 
invention is characterized by comprising a mask forming process for forming a 
mask having pattern-forming openings on a workpiece surface; a pattern 
material supplying process for supplying a liquid pattern material to the mask 
openings; a drying process for drying by evaporating solvent in the liquid 
pattern material in the openings; a solid material removal process for 
removing dried solids of the liquid pattern material that adhered to the mask 
surface when the liquid pattern material was supplied to the mask openings; a 
mask removal process for removing the mask from the workpiece after 
sequentially performing plural times the pattern material supply process, 
drying process, and solid material removal process; and an annealing process 
for annealing the dried solute. 

[0053] By thus repeatedly supplying and drying the liquid pattern material in 
the pattern-forming openings in the mask, the invention thus comprised can 
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achieve a detailed pattern with low internal stress and few voids. In addition, 

unneeded material adhering to the mask surface can be removed relatively 

easily because the solids are removed after each drying process. 

[0054] A further pattern forming method according to the present invention is 
characterized by supplying and solidifying a liquid pattern material in a 
specific pattern forming trench disposed in a workpiece. 

[0055] The invention thus comprised can easily form a pattern without using 
vacuum equipment, and thereby achieve the same effects described above, 
because it simply supplies and then solidifies the liquid pattern material in 
the pattern forming trenches, disposed in the workpiece. Yet further, this 
aspect of the invention can form a wiring pattern by simply supplying and 
solidifying a liquid pattern material such as an organometallic compound 
solution to wiring trenches formed in a dielectric film by means of a 
conventional method, for example. More specifically, the present invention can 
form various types of patterns by use in combination with a conventional 
method, and can thus be used to form a wide range of patterns. 

[0056] A further pattern forming method according to the present invention is 
characterized by performing plural times a process for supplying and 
solidifying a liquid pattern material in a specific pattern forming trench 
disposed in a workpiece. 

[0057] In addition to achieving the same effects described above as a result of 
not using vacuum equipment, the invention thus comprised can form a 
detailed pattern with extremely low internal stress, and can easily form a 
pattern with a thick film thickness, as a result of forming the pattern by 
supplying and solidifying the liquid pattern material in the pattern forming 
trenches plural times. 

[0058] A further pattern forming method according to the present invention is 
characterized by comprising a pattern material supply process for supplying a 
liquid pattern material to a specific pattern forming trench disposed in a 
workpiece; an adherent liquid removal process for removing liquid pattern 
material that adhered to the mask surface when the liquid pattern material 
was supplied to the trench; a drying process for drying by evaporating solvent 
in the liquid pattern material in the trench; and an annealing process for 
annealing solute contained in the dried liquid pattern material after 
sequentially performing plural times the pattern material supply process, 
adherent liquid removal process, and drying process. 

[0059] By thus drying the liquid pattern material supplied to the pattern 
forming trenches and then again supplying and drying the liquid pattern 
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material in the trenches, the invention thus comprised can form a pattern 

with a good shape, and can form a detailed pattern. In addition, because liquid 

pattern material on the workpiece surface is removed before the liquid pattern 

material is dried, material adhering to the workpiece surface that can be 

difficult to remove when it solidifies can be removed easily. Furthermore, 

because material adhering to the workpiece surface is removed, accidents 

resulting from the presence of electrically undesirable adherent material can 

be prevented, and reliability can be improved. 

[0060] A further pattern forming method according to the present invention is 
characterized by sequentially performing plural times a pattern material 
supply process for supplying a liquid pattern material to a specific pattern 
forming trench disposed in a workpiece; a solidifying process for heating, and 
solidifying the liquid pattern material supplied to the trench; and an adherent 
solid removal process for removing solids of the liquid pattern material that 
adhered to the workpiece surface when the liquid pattern material was 
supplied to the trench. 

[0061] The invention thus comprised can achieve a detailed pattern with even 
lower internal stress as a result of supplying the liquid pattern material to the 
pattern forming trenches and heat solidifying the material plural times. 
Processing is also simplified by removing solids adhering to the workpiece 
surface as the final step. 

[0062] A further pattern forming method according to the present invention is 
characterized by comprising a pattern material supply process for supplying a 
liquid pattern material to a specific pattern forming trench disposed in a 
workpiece; a drying process for evaporating solvent in the liquid pattern 
material supplied to the trench; and an annealing process for annealing solute 
contained in the dried liquid pattern material after sequentially performing 
plural tmes the pattern material supply process and drying process. 

[0063] By thus supplying and drying the liquid pattern material in the 
pattern forming trenches plural times, the invention thus comprised can form 
a detailed pattern with low internal stress and little deformation. It is also 
possible to prevent voids in the pattern even when forming a thick pattern. 

[0064] A further pattern forming method according to the present invention is 
characterized by comprising a pattern material supply process for supplying a 
liquid pattern material to a specific pattern forming trench disposed in a 
workpiece; a drying process for evaporating solvent in the liquid pattern 
material supplied to the trench; an adherent solid removal process for 
removing dried solids of the liquid pattern material that adhered to the 
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workpiece surface when the liquid pattern material was supplied to the 

trench; and an annealing process for annealing solute contained in the dried 

liquid pattern material after sequentially performing plural times the pattern 

material supply process, drying process, and adherent solid removal process. 

[0065] By drying the liquid pattern material supplied to the pattern forming 
trenches and then annealing the solute, the invention thus comprised can 
prevent voids, for example, in the pattern, and can form a detailed pattern 
with low internal stress. Furthermore, solids adhering to the workpiece 
surface can be removed relatively easily because the dried solids are removed 
after drying the liquid pattern material and before annealing. Yet further, by 
supplying the liquid pattern material to the pattern forming trenches, drying, 
and removing the adherent solids plural times, a detailed pattern with 
extremely low internal stress can be achieved and a pattern with a thick film 
thickness can be easily formed. 

[0066] A further pattern forming method according to the present invention is 
characterized by performing once or plural times a pattern material supply 
process for supplying a liquid pattern material to a specific pattern forming 
trench disposed in a workpiece; a drying process for evaporating solvent in the 
liquid pattern material supplied to the trench; an adherent solid removal 
process for removing dried solids of the liquid pattern material that adhered 
to the workpiece surface when the liquid pattern material was supplied to the 
trench; and an annealing process for annealing solute contained in the dried 
liquid pattern material. 

[0067] By thus drying the liquid pattern material supplied to the pattern 
forming trenches and then annealing the solute, the invention thus comprised 
can achieve a pattern with good shape precision and without voids in the 
formed pattern. Furthermore, by supplying the liquid pattern material to the 
pattern forming trenches, drying, removing adherent solids, and annealing 
plural times, a detailed pattern with good shape precision and even less 
distortion can be formed, and even patterns with a thick film thickness can be 
easily achieved. 

[0068] In another aspect of a pattern forming method according to the present 
invention, the liquid pattern material is preferably supplied to the trench 
after applying hydrophobic processing to the workpiece surface to give it a 
hydrophobic property. By thus applying hydrophobic processing to the 
workpiece surface, the liquid pattern material can be supplied quickly and 
evenly into the trenches by, for example, rotating the workpiece when 
supplying the liquid pattern material to the pattern forming trenches because 
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liquid pattern material on the workpiece surface will move easily into the 

pattern forming trenches. Material adhering to the workpiece surface can also 

be easily removed because the workpiece surface is hydrophobic. 

[0069] Yet further, in another aspect of a pattern forming according to the 
present invention the liquid pattern material is preferably supplied to the 
pattern forming trenches after applying hydrophobic processing to the 
workpiece surface and applying hydrophilic processing to the bottom of the 
pattern forming trenches. In addition to being able to easily remove material 
adhering to the workpiece surface, it is also possible in this case to improve 
adhesion between the formed pattern and the workpiece. 

[0070] Yet further, in another aspect of a pattern forming method according to 
the present invention, the liquid pattern material can be solidified by heating. 
If the liquid pattern material is solidified by heating, chemicals and expensive 
equipment are not needed, and solidifying the liquid pattern material can be 
done safely and easily. Heat solidification of the liquid pattern material can 
comprise a drying process for evaporating solvent in the liquid pattern 
.material, and an annealing process for annealing the solute. The occurrence of 
voids can be prevented, and a detailed pattern with low internal stress and 
good shape precision can be formed, by thus annealing after drying the liquid 
pattern material. 

[0071] In another aspect of a pattern forming method according to the present 
invention, solids of the liquid pattern material adhering to the workpiece 
surface are removed after solidifying the liquid pattern material. The 
workpiece surface thus becomes clean, and unexpected accidents, for example, 
resulting from unnecessary adherent material on the workpiece surface can be 
prevented. 

[0072] Yet further, in another aspect of a pattern forming method according to 
the present invention, solidifying the liquid pattern material occurs after 
removing liquid pattern material that adhered to the workpiece surface when 
the liquid pattern material was supplied to the trench. As a result, adherent 
material on the workpiece surface that is difficult to remove when solidified 
can be removed easily. 

[0073] In another aspect of a pattern forming method according to the present 
invention, the annealing process can be performed after removing dried solids 
of liquid pattern material that adhered to the workpiece surface when the 
liquid pattern material was supplied to the trench. As a result, adherent 
material on the workpiece surface that is difficult to remove when annealed 
can be removed relatively easily. 
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[0074] A further pattern forming method according to the present invention is 
characterized by comprising a process for disposing an organic film on a 
workpiece surface; a process for forming a trench of a specific pattern in the 
organic film; a process for filling the trench with an inorganic material; a 
process for removing inorganic material except from inside the trench; and a 
process for removing the organic film and leaving a pattern of the inorganic 
material. 

[0075] More specifically, the above described processes of the present 
invention can also be performed in an environment at atmospheric pressure or 
near atmospheric pressure. As a result, it is not necessary to provide vacuum 
equipment, and the energy needed to run the equipment can be reduced. 
Furthermore, because of the change from a process for removing a formation 
on the workpiece surface to a process for adding to or filling trenches, it is 
possible to eliminate the use of PFC gas used for removing material adhering 
to a conventional system. The cost of pattern forming can therefore be 
reduced, and the effect on the global environment is small. 

[0076] The process for filling the trench with an inorganic material can be 
accomplished by applying a solution containing the inorganic material. 
Because the inorganic material is thus fluid, it reliably penetrates the 
trenches and can reliably cover the organic film. The inorganic material can 
be a liquid or a gas-liquid mixture. If a gas-liquid mixture, it can be easily 
coated to the workpiece at atmospheric pressure. Furthermore, if it is a gas- 
liquid mixture, the composition of the formed film can be freely improved by 
means of an added gas. 

[0077] The inorganic material can be applied by spin coating. By spin coating 
the inorganic material, the inorganic material can be evenly coated to the 
workpiece surface by centrifugal force, and the inorganic material can be 
reliably applied throughout the trenches. The inorganic material can also be 
applied by spraying. In this case the inorganic material can be sprayed with a 
desired pressure into the top layer of the organic film so that the_ inorganic 
material reliably fills the trenches due to the applied pressure. 

[0078] The process for removing inorganic material except inside the trenches 
is accomplished by applying an etching solution. When the inorganic material 
is removed using an etching solution, the etching solution spreads easily over 
the entire surface of the inorganic material because of its fluidity so that the 
entire surface of the inorganic material can be reliably etched. The etching 
solution can be a liquid or a liquid-gas mixture. As a result, it can be easily 
coated to the workpiece at atmospheric pressure. If it is a gas-liquid mixture, 
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the composition of the formed film can be freely improved by means of an 

added gas. The etching solution can also be applied by spin etching. By spin 

etching, the etching solution can be evenly coated to the workpiece surface by 

centrifugal force, and a uniform etching rate can be achieved. The etching 

solution can also be applied by spraying. In this case the etching solution can 

be sprayed with the desired pressure into the top layer of the inorganic 

material so that the etching solution reliably covers the entire surface of the 

inorganic material and the etching process can be reliably performed. 

[0079] The process for removing inorganic material except inside the trench 
can be accomplished by CMP. By using CMP, the inorganic material can be 
evenly removed and the organic film can be removed at atmospheric pressure 
without providing vacuum equipment, and it is therefore possible to save the 
energy needed to operate vacuum equipment. 

[0080] The organic film can also be removed with atmospheric pressure 
plasma. By removing the organic film with atmospheric pressure plasma, the 
organic film can be removed at atmospheric pressure without providing 
vacuum equipment, and it is therefore possible to save the energy needed to 
operate vacuum equipment. 

[0081] A pattern forming apparatus for applying a pattern forming method 
described above is characterized by comprising a mask forming unit for 
forming a mask by disposing pattern-forming openings in a mask material 
coated to and solidified on a workpiece surface; a hydrophobic processing unit 
for applying hydrophobic processing to the solidified mask material or mask; a 
pattern material supply unit for supplying a liquid pattern material to the 
pattern-forming openings of the mask; and a solidification unit for solidifying 
the liquid pattern material in the pattern-forming openings. 

[0082] The invention thus comprised can make the equipment compact, 
reduce energy consumption, and reduce costs involved with forming patterns 
because vacuum equipment is not used. Moreover, the present invention does 
not need to use PFC gas, and can reduce the burden on the global 
environment. 

[0083] A further pattern forming apparatus according to the present 
invention is characterized by comprising a mask forming unit for forming a 
mask by disposing pattern-forming openings in a mask material coated to and 
solidified on a workpiece surface; a hydrophobic processing unit for applying 
hydrophobic processing to the solidified mask material or mask; a pattern 
material supply unit for supplying a liquid pattern material to the pattern- 
forming openings of the mask; a solidification unit for solidifying the liquid 
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pattern material in the pattern-forming openings; and a mask removal unit 

for removing the mask after solidifying the liquid pattern material. The 

invention thus comprised achieves the same effects described above. 

[0084] The hydrophobic processing unit can comprise a plasma generating 
means for producing a fluoride gas plasma at or near atmospheric pressure 
and supplying the plasma to the solidified mask material or mask. By 
generating and supplying a fluoride gas plasma to the mask material or mask, 
the solidified mask material or mask can be easily processed for hydrophobic. 
A hydrophobic mask can thus be easily formed. 

[0085] The hydrophobic processing unit can comprise a polymerization means 
for producing a fluorocompound plasma, and polymerizing a fluororesin film 
on the surface of the solidified mask material or mask. By thus forming a 
polymer film from a hydrophobic fluororesin to accomplish the hydrophobic 
process, even silicon and glass, which cannot be made hydrophobic with active 
fluorine, can be easily hydrophobic processed. The hydrophobic processing 
unit preferably comprises a hydrophilic processing means for making inside 
the pattern-forming openings of the hydrophobic processed mask hydrophilic. 
By making inside the hydrophobic processed pattern-forming openings 
hydrophilic by means of the hydrophilic processing means, adhesion of the 
formed pattern to the workpiece can be improved. 

[0086] A further pattern forming apparatus according to the present 
invention is characterized by comprising a mask forming unit for forming a 
mask comprising a hydrophobic film having pattern-forming openings on the 
surface of a workpiece; a pattern material supply unit for supplying a liquid 
pattern material to the pattern-forming openings of the mask; a solidification 
unit for solidifying the liquid pattern material in the pattern-forming 
openings; and a mask removal unit for removing the mask after solidifying the 
liquid pattern material. With the invention thus comprised processing the 
mask for hydrophobic is not necessary because the mask itself is hydrophobic, 
and the equipment can therefore be simplified. 

[0087] The mask forming unit can comprise a polymerization means for 
producing a fluorocompound plasma and polymerizing a fluororesin film on 
the surface of the workpiece through a transfer mask. A hydrophobic mask 
can thus be easily formed. 

[0088] The pattern material supply unit can comprise an adherent liquid 
removal means for removing liquid pattern material adhering to the mask 
surface. This enables material adhering to the mask to be removed before the 
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liquid pattern material adhering to the mask solidifies, and adherent material 

can thus be easily removed. 

[0089] The pattern material supply unit can comprise an atomization means 
for atomizing and misting the liquid pattern material on the mask. By thus 
atomizing the liquid pattern material by means of the atomization means, a 
detailed pattern can be formed using a liquid pattern material. The pattern 
material supply unit can also comprise a rotating means for rotating the 
workpiece. Liquid pattern material adhering to the workpiece surface can be 
supplied to the pattern-forming openings by spinning the workpiece by means 
of the rotating means, and the liquid pattern material can be evenly supplied 
to each of the pattern-forming openings throughout the workpiece. Excess 
liquid pattern material adhering to the workpiece can also be removed by 
centrifugal force by spinning the workpiece. 

[0090] The pattern material supply unit further preferably has a voltage 
applying means for applying a dc voltage to the workpiece so that static 
attraction works to attract the atomized liquid pattern material to the 
workpiece. The fill rate of the liquid pattern material to the pattern forming 
trenches can be increased by applying a voltage to the workpiece to attract the 
atomized liquid pattern material. 

[0091] The solidification unit comprises a heating means disposed in the 
pattern material supply unit for heating and solidifying the liquid pattern 
material. By providing a heating means as the solidification unit in the 
pattern supply unit, the liquid pattern material supplied to the pattern- 
forming openings can be heated and solidified while supplying the liquid 
pattern material to the pattern-forming openings, and the time required for 
pattern forming can be shortened. 

[0092] A semiconductor device according to the present invention is 
manufactured using any of the above pattern forming methods according to 
the present invention. A semiconductor device with the above described 
advantages can thus be manufactured. 

[0093] An electrical circuit according to the present invention is manufactured 
using any of the above pattern forming methods according to the present 
invention. An electrical circuit with the above described advantages can thus 
be manufactured. 

[0094] A display module according to the present invention is manufactured 
using any of the above pattern forming methods according to the present 
invention. A display module with the above described advantages can thus be 
manufactured. 
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[0095] A color filter according to the present invention is manufactured using 
any of the above pattern forming methods according to the present invention. 
A color filter with the above described advantages can thus be manufactured. 

[0096] A light-emitting element according to the present invention is 
manufactured using any of the above pattern forming methods according to 
the present invention. A light-emitting element with the above described 
advantages can thus be manufactured. 

[0097] BRIEF DESCRIPTION OF THE DRAWINGS 

[0098] Fig. 1 is a schematic block diagram of a pattern forming apparatus 
according to a first embodiment of the present invention. 

[0099] Fig. 2 is a descriptive diagram of the mask forming unit of a pattern 
forming apparatus according to the first embodiment of the present invention. 

[00100] Fig. 3 is a descriptive diagram of the hydrophobic processing unit of 
the pattern forming apparatus according to the first embodiment of the 
present invention. 

[00101] Fig. 4 is a descriptive diagram of the pattern material supply unit of a 
pattern forming apparatus according to the first embodiment of the present 
invention. 

[00102] Fig. 5 is a schematic block diagram of a pattern forming apparatus 
according to a second embodiment of the present invention. 

[00103] Fig. 6 is a descriptive diagram of the mask forming unit of a pattern 
forming apparatus according to* the second embodiment of the present 
invention. 

[00104] Fig. 7 is a flow chart for describing a pattern forming method according 
to the first embodiment of the present invention. 

[00105] Fig. 8 is a flow chart for describing a pattern forming method according 
to the second embodiment of the present invention. 

[00106] Fig. 9 is a flow chart for describing a pattern forming method according 
to a third embodiment of the present invention. 

[00107] Fig. 10 is a flow chart for describing a pattern forming method 
according to a fourth embodiment of the present invention. 

[00108] Fig. 11 is a flow chart for describing a pattern forming method 
according to a fifth embodiment of the present invention. 

[00109] Fig. 12 is a flow chart for describing a pattern forming method 
according to a sixth embodiment of the present invention. 
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[00110] Fig. 13 is a flow chart for describing a pattern forming method 
according to a seventh embodiment of the present invention. 

[00111] Fig. 14 is a flow chart for describing a pattern forming method 
according to a eighth embodiment of the present invention. 

[00112] Fig. 15 is a flow chart for describing a pattern forming method 
according to a ninth embodiment of the present invention. 

[00113] Fig. 16 is a flow chart for describing a pattern forming method 
according to a tenth embodiment of the present invention. 

[00114] Fig. 17 is a flow chart for describing a pattern forming method 
according to an eleventh embodiment of the present invention. 

[00115] Figs. 18(1) to 18(3) are descriptive diagrams of a manufacturing 
process applying a pattern forming method according to the present invention 
to a semiconductor substrate. 

[00116] Figs. 19(1) to 19(3) are descriptive diagrams of a manufacturing 
process applying a pattern forming method according to the present invention 
to a semiconductor substrate, showing the steps following those shown in Figs. 
18(1) to 18(3). 

[00117] Figs. 20(1) to 20(3) are descriptive diagrams of a manufacturing 
process applying a pattern forming method according to the present invention 
to a method for separating devices in a semiconductor device manufacturing 
process. 

[00118] Figs. 21(1) to 21(3) are descriptive diagrams of a manufacturing 
process applying a pattern forming method according to the present invention 
to a method for separating devices in a semiconductor device manufacturing 
process, showing the steps following those shown in Figs. 20(1) to 20(3). 

[00119] Figs. 22(1) to 22(3) are descriptive diagrams of a manufacturing 
process applying a pattern forming method according to the present invention 
to a process for forming FET gate electrodes. 

[00120] Figs. 23(1) and 23(2) are descriptive diagrams of a manufacturing 
process applying a pattern forming method according to the present invention 
to a process for forming FET gate electrodes, showing the steps following 
those shown in Figs. 22(1) to 22(3). 

[00121] Figs. 24(1) to 24(3) are descriptive diagrams of a manufacturing 
process applying a pattern forming method according to the present invention 
to a process for forming contacts between wiring layers. 



SubstituteSpec.doc 
Customer No. 20178 



1? 



P6495a 10/026,286 

[00122] Figs. 25(1) to 25(3) are descriptive diagrams of a manufacturing 
process applying a pattern forming method according to tKe present invention 
to a process for forming contacts between wiring layers, showing the steps 
following those shown in Figs. 24(10) to 24(3). 

[00123] Figs. 26(1) and 26(2) are descriptive diagrams of a manufacturing 
process applying a pattern forming method according to the present invention 
to a process for forming contacts between wiring layers, showing the steps 
following those shown in Figs. 25(1) to 25(3). 

[00124] Figs. 27(1) to 27(4) describe an ITO electrode formation process using a 
pattern forming method according to the present invention. 

[00125] Figs. 28(1) to 28(4) describe an ITO electrode formation process using a 
pattern forming method according to the present invention, .showing the steps 
following those shown in Figs. 27(1) to 27(4). 

[00126] Figs. 29(1) and 29(2) are descriptive diagrams showing the correlation 
between the surface shape of a pattern coating and the rate of increase in 
drying temperature. 

[00127] Fig. 30 is a partial sectional view showing an example of a 
microstructure . 

[00128] Fig. 31 is a partial sectional view showing another example of a 
microstructure. 

[00129] Fig. 32 is a descriptive diagram of an electrode used in a dielectrically 
processed workpiece. 

[00130] Figs. 33(1) to 33(3) are process diagrams showing an example of a 
conventional pattern forming method. 

[00131] Figs. 34(1) to 34(3) are process diagrams showing an example of a 
conventional pattern forming method, showing the steps following those 
shown in Figs. 33(1) to 33(3). 

[00132] BEST MODE FOR ACHIEVING THE INVENTION 

[00133] Preferred embodiments of a pattern forming method and apparatus, a 
semiconductor device, electric circuit, display module, and light emitting 
device according to the present invention are described in detail with 
reference to the accompanying figures. 

[00134] Fig. 1 is a schematic block diagram of a pattern forming apparatus 
according to a first embodiment of the present invention. As shown in Fig. 1, 
this pattern forming apparatus 10 has a mask forming unit 100 for forming a 



SubstituteSpec.doc 
Customer No. 20178 



20 



P6495a 10/026,286 

mask on a surface of a semiconductor substrate or other workpiece, 

hydrophobic processing unit 200 for making the mask surface hydrophobic, 

and pattern material supply unit 300 for supplying a liquid pattern material 

to a pattern-forming opening disposed in the mask formed by the mask 

forming unit 100. 

[00135] As may be necessary, the pattern forming apparatus 10 can also have a 
mask removal unit 400 and pattern material setting unit 500 as shown by the 
dotted line in Fig. 1. This mask removal unit 400 is for removing the mask 
from the workpiece after the liquid pattern material solidifies. The pattern 
material setting unit 500 is provided when it is necessary to provide a step for 
heat solidifying the liquid pattern material. 

[00136] The mask forming unit 100 in this first embodiment of the invention 
uses a liquid mask material such as a photoresist as the mask material, and 
as shown in Fig. 2 has a mask material coating unit 110 and a mask 
patterning unit 120. The mask material coating unit 110 has a table 112 on 
which the semiconductor substrate, glass substrate, or other workpiece 20 is 
placed. The mask material coating unit 110 also has a resist supply unit 116 
disposed above the table 112 for depositing or misting the photoresist 114 
mask material. The table 112 can also be rotated freely as indicated by arrow 
119 by means of motor 118. This enables the mask material coating unit 110 
to spin coat the photoresist 114 so as to achieve a resist film (mask material) 
of uniform thickness. 

[00137] The mask patterning unit 120 exposes and develops the resist film 
using a photolithographic technique, and comprises an exposure unit 122 and 
developer unit 124. The exposure unit 122 has a light source 128 for emitting 
ultraviolet or other light 126. The light 126 passes lens 130 and is incident to 
a reticle or other transfer mask 132. After passing the transfer mask 132, the 
passed light is collected by a condenser lens 134 and emitted onto the 
workpiece 20 located on the stage 136 to expose the resist, film. 

[00138] After exposing the resist film is completed, the workpiece 20 is 
immersed in a developer solution 138 in developer unit 124, and the mask is 
completed by thus forming the openings (trenches) for pattern forming in the 
resist film, i.e., the mask material. It should be noted that developing can be 
accomplished in the same way as so-called spin etching. More specifically, the 
mask can be developed by dripping developer solution 138 onto the spinning 
workpiece 20 while the workpiece 20 is being rotated. Note, further, that the 
photoresist 114 can be a negative resist in which the exposed parts are 
insoluble, or a positive resist in which the exposed parts are soluble. 
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[00139] Furthermore, the mask patterning unit 120 could be configured to 
write the pattern directly by emitting an electron beam to the resist film. 

[00140] The hydrophobic processing unit 200 is as shown in Fig. 3, for example, 
having a discharge unit 210. CF4 or other fluorine gas is supplied at 
atmospheric pressure through supply tube 212 from gas supply source 214 to 
the discharge unit 210. The discharge unit 210 is a plasma generator, and 
generates active fluorine such as fluorine ions by discharging an electrical 
charge in the CF4 gas. 

[00141] The process gas 216 containing active fluorine generated by the 
discharge unit 210 is then supplied through process gas line 220 to the process 
chamber 218 where workpiece 20 is located. The active fluorine in the process 
gas 216 supplied to the process chamber 218 then fluorinates the surface layer 
of the resist film formed on the surface of workpiece 20, making the resist film 
hydrophobic. 

[00142] It should be noted that if the workpiece 20 is a semiconductor 
substrate or glass substrate, contact between the process gas and areas of the 
workpiece 20 exposed through openings in the resist film (i.e. exposed 
through pattern-forming openings in the resist film) creates a gas due to the 
reaction 

[00143] Si + 4F->SiF 4 (1) 

[00144] and the workpiece 20 itself is not made hydrophobic. 

[00145] This hydrophobic process can be performed before the resist film is 
patterned, i.e. before the pattern-forming openings are created. Therefore, if 
workpiece 20 is made of a material that can be made hydrophobic by the 
active fluorine, then applying the hydrophobic step prior to the patterning of 
the resist film can avoid making the workpiece hydrophobic and sufficient 
adhesion of the formed pattern can be assured without applying a hydrophilic 
process after the hydrophobic process. 

[00146] The hydrophobic process could alternatively form a hydrophobic 
polymer film (a fluoropolymer film, for example) on the surface of the resist 
film, as further described below. In this case the hydrophobic film formed on 
the workpiece 20 within the pattern-forming openings is preferably made 
hydrophilic and eliminated by exposure to ultraviolet light, electron beams, or 
other electromagnetic wave or radiation beam. 

[00147] As shown in Fig. 4, the pattern material supply unit 300 has an 
atomizer 311 for atomizing the liquid pattern material, and a shower head 310 
for misting the liquid pattern material 312 atomized by the atomizer 311. In 
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this preferred embodiment an atomizer 311 that can atomize the liquid 

pattern material 312 to a particle diameter of approximately 0.2 jim in order 

to form micropatterns with a line width of 1 jim or less on the workpiece 20 is 

used. A microparticle liquid such as this can be produced using an atomizer 

from Primaxx, Inc. of the United States. 

[00148] A liquid pattern material source 314 and mist gas source 316 are 
connected to the atomizer 311. The liquid pattern material source 314 supplies 
an organometallic solution or other liquid pattern material 312 to the 
atomizer 311. The mist gas source 316 also supplies nitrogen or other high 
pressure, inert gas to the atomizer 311. The atomizer 311 then discharges the 
high pressure gas and liquid pattern material 312 to make a particle mist 
from liquid pattern material 312 and sprays the particle mist from shower 
head 310. The particles in the misted liquid pattern material 312 are 
positively and negatively charged as known from the literature. 

[00149] A process stage 318 is disposed below the shower head 310. Workpiece 
20, which has a mask on the surface thereof, is placed on the process stage 
318. The process stage 318 is mounted on the rotating shaft 322 of a motor 
320, that is, a rotating means, and rotates freely in the direction of arrow 324. 
By thus rotating the process stage 318, the pattern material supply unit 300 
of this embodiment can easily supply liquid pattern material 312 to the 
pattern-forming openings in the mask, and unneeded liquid pattern material 
312 that adheres to the mask surface can be removed. 

[00150] The process stage 318 also has an internal heater 326, that is, a 
heating means, for drying or heat setting the liquid pattern material 312 
supplied through the pattern-forming openings (pattern-forming recesses) 
disposed in the mask. The process stage 318 is further connected to a dc power 
supply 328 via a sliding contact, for example, not shown in the figures. 

[00151] The dc power supply 328 is a voltage applying means, and applies a 
positive dc voltage to the workpiece 20 by way of process stage 318. As a 
result, the particles of liquid pattern material 312, which are negatively 
charged when misted from the shower head 310, are attracted to the 
workpiece 20 by the static attraction of the positive dc voltage applied to the 
workpiece 20, and thus adhere to the workpiece 20. Therefore, not only can 
particles of the liquid pattern material 312 thus be efficiently and quickly 
supplied to the pattern-forming openings in the mask, the liquid pattern 
material 312 can be reliably supplied to the pattern-forming openings even 
when the liquid pattern material 312 is supplied as free particles suspended 
in air. 
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[00152] The pattern material supply unit 300 of this embodiment has an air 
knife 330, that is, an adherent liquid removal means. This air knife 330 
discharges compressed air from a compressed air source 332 to remove 
unneeded liquid pattern material 312 adhering to the mask surface (top 
surface) when the liquid pattern material 312 is supplied to the pattern- 
forming openings. 

[00153] It should be noted that the adherent liquid removal means could be the 
motor 320. More specifically, liquid pattern material 312 adhering to the mask 
surface can be removed by centrifugal force by increasing the speed of the 
motor 320. The adherent liquid removal means could also be comprised with a 
cylinder, for example, for tilting the. base, not shown in the figures, on which 
the motor 320 and process stage 318 are disposed to incline the workpiece 20 
by way of the intervening base so that the liquid pattern material 312 
adhering to the hydrophobic treated surface of the mask rolls off. 

[00154] It will also be noted that the pattern material supply unit 300 could be 
a discharge device such as the print head of an inkjet printer, for example, 
configured to selectively supply the liquid pattern material 312 to the pattern 
forming recesses. The liquid pattern material 312 can be prevented from 
adhering to the mask surface, and steps for removing the unnecessary 
adherent liquid or removing the solidified liquid pattern material adhering to 
the mask surface as described below can be omitted, by thus selectively 
supplying the liquid pattern material 312 to the openings. The pattern 
material supply unit 300 could also be comprised to drip the liquid pattern 
material onto the rotating workpiece 20 to deposit the pattern material into 
the pattern-forming openings by spin coating. 

[00155] Returning to Fig. 1, the mask removal unit 400 has a mask removal 
tank (not shown in the figure) containing an organic solvent able to dissolve 
the mask resist film, ozonated water or other functional solution. Of course 
the mask removal unit 400 could be comprised with a discharge unit for 
ashing the resist film by generating plasma from oxygen or ozone at 
atmospheric pressure, activating oxygen or ozone by exposure to a laser beam 
or electron bean to ash the resist film by means of the active oxygen atoms, or 
ashing in a supercritical fluid. The mask removal unit 400 could also be 
disposed with a CMP (chemical mechanical polishing) unit, a spin etching 
unit, or other device for easily removing solidified liquid pattern material 312 
adhering to the mask surface. 

[00156] The pattern material setting unit 500 can be comprised as a heating 
chamber or as a tunnel oven (neither shown in the figures) having a heater as 
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a heating means for heating and solidifying the liquid pattern material 312 in 

the pattern-forming openings. The pattern material setting unit 500 could also 

be configured to solidify the liquid pattern material 312 using an infrared 

heater or laser beam or electron beam emissions. The liquid pattern material 

312 is preferably set in an inert atmosphere of, for example, nitrogen. By 

placing the pattern material in an inert atmosphere, oxidizing the pattern can 

be prevented even when the pattern is formed using an easily oxidized metal, 

and deterioration of electrical characteristics can thus be prevented. 

[00157] Fig. 5 is a schematic block diagram of a pattern forming apparatus 
according to a second embodiment of the present invention. This pattern 
forming apparatus 10A has a mask forming unit 150 and pattern material 
supply unit 300. The pattern forming apparatus 10A of this second 
embodiment, however, does not have a hydrophobic processing unit 200, as 
disposed in the pattern forming apparatus 10 of the first embodiment shown 
in Fig. 1. This pattern forming apparatus 10A also has a mask removal unit 
400 and pattern material setting unit 500 as necessary. 

[00158] The mask forming unit 150 of the pattern forming apparatus 10A 
according to this second embodiment is as shown in Fig. 6 and can form a 
mask from a hydrophobic film. 

[00159] As shown in Fig. 6 the mask forming unit 150 has a film processing 
chamber 152, and the semiconductor substrate, glass substrate, or other 
workpiece 20 is placed on a film formation stage 154 disposed inside the film 
processing chamber 152. The film processing chamber 152 also has a high 
frequency electrode 158 connected to a high frequency power source 156 above 
the film formation stage 154. The film formation stage 154 is the ground 
electrode so that a high frequency voltage can be applied between the film 
formation stage 154 and high frequency electrode 158. 

[00160] A metal transfer mask 24, for example, is removably disposed on top of 
the workpiece 20. The transfer mask 24 covers. the parts corresponding to the 
pattern-forming openings in the hydrophobic mask described below, and has 
openings in those parts corresponding to the parts other than the pattern- 
forming openings. The film formation stage 154 also has a cooling section (not 
shown in the figure) such as a cooling coil for cooling the workpiece 20 placed 
on the top thereof to promote formation of a polymer film. 

[00161] A vacuum pump 160 is connected to the film processing chamber 152 
via an exhaust pipe 162 for reducing the internal pressure. A film formation 
material supply unit 168 is also connected to the film processing chamber 152 
via a supply line 166 with a flow control valve 164. This film formation 
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material supply unit 168 has a container 172 for storing a liquid 

fluorocompound 170 such as C4F10, CsFis, or other straight chain PFC. A 

heater 174 is disposed in the container 172 as a heating unit for heating and 

vaporizing the liquid fluorocompound 170. A carrier gas supply unit 178 is 

connected to the downstream side of the flow control valve 164 in supply line 

166 by way of intervening carrier line 176 equipped with a flow control valve 

175. Nitrogen, argon, or other inert gas is used for the carrier gas. Argon, 

which can easily be made to discharge, is preferable. 

[00162] When forming the mask with this mask forming unit 150, the 
workpiece 20 having the transfer mask 24 placed thereon is placed on the film 
formation stage 154. The pressure inside the film processing chamber 152 is 
then reduced by the vacuum pump 160, and the liquid fluorocompound 170 
vapor is introduced with the carrier gas to the film processing chamber 152. A 
high frequency voltage is then applied by the high frequency power source 156 
between the high frequency electrode 158 and film formation stage 154, 
generating a vapor discharge and ionizing the liquid fluorocompound 170 
vapor. 

[00163] The ionized liquid fluorocompound 170 thus polymerizes on the top of 
the workpiece 20 and transfer mask 24, forming a hydrophobic fluoropolymer 
film. That is, because the pattern forming recess parts of the workpiece 20 are 
covered by the transfer mask 24, the hydrophobic fluoropolymer film is formed 
on the parts other than the . parts corresponding to the pattern forming 
recesses. After completing formation of the polymer film for a specified time, 
the workpiece 20 is removed from the film processing chamber 152 and the 
transfer mask 24 is removed from the workpiece 20 to obtain a workpiece 20 
having a mask comprising a hydrophobic film in which pattern-forming 

. openings are formed. It is therefore not necessary with the pattern forming 
apparatus 10A of this second embodiment to process the mask for hydrophobic 
properties. The workpiece 20 on which a mask has been formed in the mask 
forming unit 150 is then conveyed directly to the pattern material supply unit 
300, and liquid pattern material 312 is supplied to the pattern-forming 
openings of the mask in the same way as described above. 

[00164] It should be noted that as indicated by the dotted lines in Fig. 6 an 
additive gas supply unit 184 can be connected to the supply line 166 through 
an intervening fine 182 having a flow control valve 180. In this case CF4 can 
be added to the liquid fluorocompound 170 vapor as a gas additive from the 
additive gas supply unit 184. Plasma is then generated from the mixture of 
CF4 and liquid fluorocompound 170 in the film processing chamber 152. The 
fluorine in the additive gas is thus activated and the active fluorine is 
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included in the polymer film when the liquid fluorocompound 170 is 

polymerized, thereby improving the hydrophobic property of the polymer film. 

[00165] The mask can alternatively be formed by forming a fluoropolymer film 
on the workpiece 20, and then exposing this polymer film to a beam of 
ultraviolet light or an electron beam to breakdown and remove part of and 
pattern the fluoropolymer film. The mask can also be achieved with the mask 
forming unit 100 shown in Fig. 2 when it is formed from a hydrophobic film. 
That is, a hydrophobic resist film such as a fluororesin photoresist can be 
applied to the workpiece 20 and dried using the mask material coating unit 
110, and the pattern-forming openings then formed using the mask patterning 
unit 120 to form the mask. 

[00166] Fig. 7 is descriptive diagram of a third embodiment of the present 
invention, and is a process flow chart of a first pattern forming method. As 
shown in step S100 in Fig. 7, this first pattern forming method first forms a 
mask having pattern-forming openings on the surface of the workpiece. This 
mask forming step S100 is accomplished by the mask forming unit 100 shown 
in Fig. 1. More specifically, the workpiece 20 is conveyed into the mask 
material coating unit 110 shown in Fig. 2 of the mask forming unit 100. The 
photoresist 114 is then coated to and dried on the surface of the workpiece 20 
by the mask material coating unit 110. 

[00167] The workpiece 20 is then conveyed to the mask patterning unit 120. 
The mask material, that is, resist film, is then exposed in the exposure unit 
122 of the mask patterning unit 120 and developed in the developer unit 124. 
A mask having pattern-forming openings in the resist film is thus formed on 
the surface of the workpiece 20. It should be noted that the pattern-forming 
openings could be written directly in the resist film using an electron beam or 
laser. 

[00168] The surface of the mask is then processed for hydrophobic properties in. 
the hydrophobic processing unit 200 (step S101). This mask hydrophobic 
process can be accomplished by generating active fluorine in the discharge 
unit 210 shown in Fig. 3 and supplying the active fluorine to the process 
chamber 218 in which the workpiece 20 is placed. It will also be noted that 
this workpiece surface hydrophobic process could be accomplished using an 
apparatus as shown in Fig. 6 to form a hydrophobic film such as a 
fluoropolymer film or silicon polymer film on the mask surface. When a 
hydrophobic process is applied according to the method shown in Fig. 3, the 
hydrophobic film present in the pattern-forming openings is preferably 
removed or made hydrophilic using ultraviolet light, an electron beam, or 
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laser, for example. Yet further, if the mask is formed by a hydrophobic film by 

means of mask forming unit 150 as shown in Fig. 5 or Fig. 6, the hydrophobic 

mask processing step can be omitted as indicated by the dotted line in Fig. 7. 

[00169] As shown in step S102, a pattern material supply step is executed to 
supply liquid pattern material 312 to the pattern-forming openings in the 
mask. This pattern material supply step is accomplished by the pattern 
material supply unit 300 shown in Fig. 4. More specifically, while the motor 
320 rotates the workpiece 20 by way of process stage 318, the liquid pattern 
material 312 is converted to a particle mist by the atomizer 311, the particles 
are discharged from the shower head 310, and the discharged mist particles 
then adhere to the workpiece 20, which is charged with a dc voltage by the dc 
power supply 328, due to static attraction. 

[00170] By thus supplying the liquid pattern material 312 while turning the 
workpiece, the liquid pattern material 312 dripped onto the surface of the 
hydrophobic mask is moved across the mask surface by centrifugal force and 
easily penetrates the pattern-forming openings. The pattern material can 
therefore be quickly supplied and the liquid pattern material 312 can be 
evenly supplied to each of the pattern-forming openings, making it possible to 
form a pattern with a uniform thickness (height). 

[00171] It will be noted that supplying the liquid pattern material 312 to the 
pattern-forming openings of the mask formed on the workpiece 20 can be done 
by spin coating the liquid pattern material 312, or by using a specific-volume 
discharge device such as the print head of an inkjet printer. 

[00172] Once the liquid pattern material 312 is supplied to the pattern-forming 
openings, compressed air is discharged from the air knife 330 in an adherent 
liquid removal step for removing the liquid pattern material adhering to the 
mask surface (step S103). However, this adherent liquid removal step could 
alternatively be accomplished by spinning the workpiece 20 at high speed by 
means of the motor 320 shown in Fig. 4 to remove the liquid pattern material 
312 adhering to the mask surface by means of centrifugal force, or by tilting 
the workpiece 20. Yet further, the adherent liquid removal step could be 
accomplished by operating the air knife 330 while spinning the workpiece 20 
or inclining the workpiece 20. 

[00173] Unnecessary pattern material can thus be easily removed by removing 
liquid pattern material 312 adhering to the mask surface at the stage at 
which the liquid pattern material is supplied to the pattern-forming openings. 
It is therefore possible to eliminate a step for removing solidified pattern 
material that is difficult to remove after the liquid pattern material is 
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solidified in a drying process, described below, and the mask can therefore be 

easily removed. Note that when the liquid pattern material is supplied 

directly to the pattern-forming openings by the above-noted specific-volume 

discharge device, the adherent liquid removal step of step Si 03 can be 

omitted. 

[00174] The liquid pattern material 312 supplied to the pattern-forming 
openings is then dried (step S104). Evaporating solvent contained in the liquid 
pattern material 312 is the main objective of drying the liquid pattern 
material 312, and is normally achieved by heating the workpiece 20 to 80° to 
120° C. The workpiece drying process can be accomplished using the heater 
326 built in to the process table 318 shown in Fig. 4, or with a tunnel oven, 
infrared heater, or laser, not shown in the figures. The pattern material 
drying step is also preferably performed in an inert atmosphere, such as a 
nitrogen atmosphere, to prevent pattern oxidation. Of course, the drying step 
could be performed in an oxidizing atmosphere if oxidizing the pattern is not a 
problem or if oxidation is preferable. 

[00175] A mask removal step is performed next (step S105). This mask removal 
step can be accomplished by immersing the workpiece 20 in a solution able to 
dissolve the resist film similarly to a conventional semiconductor device 
manufacturing process. The mask removal step can alternatively be 
accomplished immersing the workpiece 20 in ozonated water or other 
functional solution, or by ashing a mask made from a resist film using a 
supercritical fluid. Moreover, the mask removal step could drip a resist 
removal fluid onto the spinning workpiece 20 while the workpiece 20 is 
rotated as in a spin etching process. Yet further, the mask removal step could 
be accomplished by ashing with active oxygen generated by emitting an 
ultraviolet beam or electron beam into oxygen or ozone, or by an electrical 
discharge into oxygen or ozone at atmospheric pressure. 

[00176] After removing the mask, solute contained in the liquid pattern 
material supplied to the pattern-forming openings is annealed in the pattern 
material setting unit 500 shown in Fig. 1 to complete the solute solidification 
process (step S106). This pattern annealing step is normally conducted by 
heating the workpiece 20 to a higher temperature, such as 150°C or higher, 
than used in the pattern drying process. 

[00177] It is thus possible to form a specifically detailed pattern on the surface 
of the workpiece 20. Moreover, because the liquid pattern material 312 is 
annealed in the pattern annealing process after drying in the pattern drying 
process in this first pattern forming method, the formation of internal voids 
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and the formation of deformation recesses in the formed pattern surface when 

the liquid pattern material 312 solidifies can be prevented. 

[00178] Note that like the pattern drying process the pattern annealing process 
preferably occurs in an inert atmosphere. Furthermore, the pattern annealing 
step shown as step S106 can be omitted if the liquid pattern material 312 
enables the solute solidification reaction to be sufficiently advanced in the 
pattern drying process of step S104, or if the workpiece 20 can be heated in 
the drying process of step S104 to a high temperature equivalent to the 
annealing temperature of the pattern annealing process. 

[00179] Fig. 8 is a flow chart of a second pattern forming method according to 
the present invention. This second pattern forming method first forms a mask 
on the surface of the workpiece 20 as shown in step Si 10. The mask 
hydrophobic process (step Sill) and pattern material supply process (step 
SI 12) for supplying the liquid pattern material to the pattern-forming 
openings in the mask are then sequentially performed. The mask forming 
process, mask hydrophobic process, and pattern material supply process are 
the same as in the first pattern forming method described above. When the 
mask is formed from a hydrophobic film, the mask hydrophobic process in step 
Sill can be omitted. 

[00180] The liquid pattern material 312 supplied to the pattern-forming 
openings of the mask is then dried (step S113). This drying process is also as 
described above. Then, once the drying process is completed, the dried solids 
(not shown in the figure) from the liquid pattern material 312 adhering to the 
mask surface are removed. Removing the dried solids can be accomplished by 
immersing the workpiece 20 in an etching solution capable of removing the 
dried solids, spin etching using an etching solution, CMP, or other method. 

[00181] It should be noted that if the workpiece 20 is heated by heater 326 
built in to the process table 318 when the liquid pattern material 312 is 
supplied to the pattern-forming openings using shower head 310 shown in Fig. 
4 so that the pattern material is supplied and dried at the same time, the 
drying process shown as step SI 13 can be omitted as indicated by the dotted 
line in Fig. 8. 

[00182] As in the first embodiment of a pattern forming method described 
above, a mask removal process (step SI 15) and pattern annealing process in 
step Si 16 are applied in order. These steps are also the same as in the 
previous embodiment. 

[00183] Fig. 9 is a flow chart of a third pattern forming method according to 
the present invention. After forming a mask on the surface of the workpiece 
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20 as indicated by step S120, the pattern forming method according to this 

embodiment hydrophobic processes the mask surface (step S121) and then 

runs the pattern material supply process (step S122) to supply the liquid 

pattern material 312 to the pattern-forming openings formed in the mask. 

These steps S120 to S122 are the same as described above. When the mask is 

formed from a hydrophobic film, the mask hydrophobic process in step S121 

can be omitted. 

[00184] The pattern drying process of step S123, which is a pattern material 
heating and solidification process, and the pattern annealing process (anneal 
process) of step S124, are then performed. The pattern material drying process 
heats the workpiece 20 to 80° to 120°C, for example, to vaporize solvent in the 
liquid pattern material supplied to the pattern-forming openings. The pattern 
annealing process normally uses a temperature above that of the drying 
process, heating the workpiece 20 to a temperature, such as 150° to 220°C, 
that will not carbonize a mask made from a resist film, heating solute 
contained in the liquid pattern material 312 to a higher temperature and 
completing the solidification reaction. The drying and annealing processes can 
be accomplished by the heater 326 shown in Fig. 4, or by introduction to the 
special pattern material setting unit 500 shown in Fig. 1. To prevent oxidation 
of the pattern material, the drying and annealing processes are preferably 
accomplished in an inert atmosphere such as nitrogen. 

[00185] By thus separating the pattern material drying process and the 
pattern annealing process, a pattern with a good shape can be achieved from 
the liquid pattern material 312 supplied to the pattern-forming openings. 
More specifically, if the liquid pattern material is rapidly heated to a high 
temperature, recesses form in the surface of the solidified pattern and the 
shape of the pattern is not good. As a result, when a good pattern 
configuration is required in this case, it is necessary to adjust the shape of the 
pattern by means of CMP or other technique after the liquid pattern material 
is rapidly heated to form the pattern and the mask is removed. 

[00186] It should be noted that if the liquid pattern material 312 solidifies 
sufficiently at the normal drying temperature, the pattern annealing process 
of step S124 can be omitted. In addition, the drying process of step S123 can 
be omitted if heating and solidifying the liquid pattern material 312 at a high 
temperature from the beginning poses no problem. 

[00187] Once annealing the pattern material is completed, the mask is 
removed in the mask removal unit 400 as shown in step S125. If solids from 
the liquid pattern material adhering to the mask surface are present, the 
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solids are first removed by CMP, etching, or other method in this mask 

removal process, and the mask is then removed. The mask can be removed as 

described above. 

[00188] It should be noted that the mask forming process and mask removal 
process in the pattern forming methods of the above-described embodiments 
can be omitted when forming a wiring pattern in a semiconductor substrate, 
for example, if pattern forming recesses are already formed in a film 
comprising a dielectric material such as an oxide film on the surface of a 
semiconductor substrate, and the wiring pattern is formed by supplying a 
liquid pattern material 312 comprising an organometallic compound solution 
to the pattern-forming openings in the dielectric film. A workpiece 
hydrophobic process is then applied instead of the mask hydrophobic process. 
Furthermore, the adherent liquid removal process and dried solid removal 
process are unnecessary, and process steps can therefore be simplified, if the 
print head of an inkjet head or other such discharge device is used to 
selectively supply liquid pattern material 312 to the pattern-forming openings 
in the mask so that the liquid pattern material 312 does not adhere to the 
mask surface. Fig. 10 is a flow chart of a pattern forming method for this case. 

[00189] As shown in step S130 in Fig. 10, this fourth pattern forming method 
forms a mask on the surface of a semiconductor substrate, that is, workpiece 
20. The mask is formed here by, for example, coating a mask material able to 
form a film of silicon dioxide (SiCh) on the surface of the workpiece 20, and 
patterning the same to form a mask having pattern-forming openings 
corresponding to the wiring pattern. 

[00190] A mask hydrophobic process is then applied (step S131). This 
hydrophobic process is accomplished by forming, for example, a fluoropolymer 
film on the mask. Polymer film in the pattern-forming openings is then 
removed in this hydrophobic process to expose the surface of the workpiece 
(semiconductor substrate) 20. 

[00191] Next, a liquid pattern material 312 comprising an organometallic 
compound is supplied by a specific-volume discharge device such as the print 
head of an inkjet printer to the pattern-forming openings in the mask 
processed for hydrophobic properties as described above. By heating the 
workpiece 20 to a specific temperature by means of a heater built in to the 
table on which the workpiece 20 is placed, supplying the liquid pattern 
material 312 to the openings and heating and solidifying the liquid pattern 
material are performed at the same time, and the pattern forming process 
ends with step S132. 
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[00192] The pattern material heating and solidifying process can, of course, be 
separated from the pattern material supplying process as indicated by the 
dotted line step S133 in Fig. 10. In addition, this heating and solidifying 
process can comprise a drying step and an annealing step, and heating and 
solidifying can be accomplished at a constant temperature. 

[00193] Fig. 11 is a flow chart of a fifth pattern forming method according to 
the present invention. The pattern forming method according to this 
embodiment performs the pattern material supplying process plural times in 
order to achieve a pattern with a good shape and a detailed pattern. 

[00194] As in the embodiments described above, a mask is first formed on the 
surface of the workpiece 20 (step S140) and the mask surface is then 
processed for hydrophobic properties (step S141). These steps can be the same 
as described above. Furthermore, if the mask is made from a hydrophobic film 
such as a fluororesin polymer film, the hydrophobic process of step S141 can 
be omitted as indicated by the dotted line. 

[00195] Next, liquid pattern material 312 is supplied to the pattern-forming 
openings of the mask as described above in the pattern material supply 
process of step S142. Supplying the liquid pattern material 312 to the 
openings in this step is limited in this embodiment to some fraction of the 
total required amount. When the first pattern material supply process is 
completed, the pattern material drying process is applied to evaporate the 
solvent in the liquid pattern material (step S143). Note that the pattern 
material drying process can be omitted as indicated by the dotted line if in the 
pattern material supply process supplies the liquid pattern material 312 to 
the pattern-forming openings while heating the workpiece to an appropriate 
temperature. 

[00196] Dried solids of the liquid pattern material 312 adhering to the mask 
surface are then removed as shown by step S144. The dried solids can also be 
removed as described above. Once the dried solids are removed, the process 
returns to step S142 and steps S142 to S144 are repeated the required 
number of times. Once the last pattern material supply process, pattern 
material drying process, and dried solid removal process are completed, 
processing moves to the pattern annealing process shown in the next step 
S145 to anneal solutes contained in the liquid pattern material 312, complete 
the solidification reaction, and remove the mask as described above (step 
S146). 

[00197] By thus supplying the liquid pattern material 312 to the pattern- 
forming openings in the mask plural times in this fifth pattern forming 
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method, the shape of the completed pattern can be made extremely good and a 

finely detailed pattern can be formed. In addition, because the dried solids are 

removed each time the liquid pattern material 312 is dried, removing the 

solids is relatively easy compared with removing the solids after annealing. 

[00198] It should be noted that when the liquid pattern material 312 is 
supplied to the openings plural times, the second and subsequent pattern 
material supply processes (step S142) can as necessary be applied after the 
pattern material drying process in step S143, or after annealing the pattern 
material in step S145. 

[00199] Fig. 12 is a flow chart of a sixth pattern forming method according to 
the present invention. This pattern forming method sequentially performs the 
mask forming process (step S150), mask hydrophobic process (step S151), and 
pattern material supply process (step S152) using the same methods as in the 
above described embodiments. 

[00200] The liquid pattern material 312 supplied to the pattern-forming 
openings is then dried and annealed as the heating and solidifying process 
(steps S153, S154). When this annealing process is completed, the process 
returns to step S152 to complete a second pattern material supply process, 
and the drying process and annealing process of steps S153 and S154 are then 
executed. These steps S152 to S154 are repeated as many times as necessary. 
When the last pattern annealing process is completed, the mask is removed as 
described above (step S155). 

[00201] It should be noted that when the liquid pattern material is supplied to 
the pattern-forming openings by spin coating or the pattern material supply 
unit 300 shown in Fig. 4, solids of the liquid pattern material 312 adhering to 
the mask surface are removed by CMP, for example, in the mask removal 
process of step S155, and the mask is then removed. Furthermore, removing 
the solids is not necessary if the liquid pattern material 312 is selectively 
supplied to the pattern-forming openings by a discharge device such as the 
print head of an inkjet printer so that the liquid pattern material does not 
adhere to the mask surface. 

[00202] Furthermore, the second and subsequent times the pattern material 
supply process of step S152 is performed, it can as necessary be applied after 
the pattern material drying process of step S153. In addition, if the liquid 
pattern material 312 solidifies sufficiently at a relatively low temperature, the 
pattern annealing process can be omitted, and if the pattern material can be 
processed at a high temperature from the beginning, the pattern drying 
process can be omitted. 



SubstituteSpec.doc 
Customer No. 20178 



34 



P6495a 10/026,286 

[00203] Fig. 13 is a flow chart of a seventh pattern forming method according 
to the present invention. The pattern forming method of this embodiment is 
used when pattern-forming openings are already disposed on the surface of 
the workpiece 20, such as in combination with conventional processes. The 
mask forming process is therefore omitted in this seventh pattern forming 
method. 

[00204] More specifically, the pattern forming method shown in Fig. 13 starts 
with hydrophobic processing of the workpiece surface (step S160). As 
described above, this hydrophobic process forms a hydrophobic film by 
fluorination with active fluorine or by forming a fluoropolymer film, for 
example. A hydrophilic process is then applied to the bottom of the pattern- 
forming openings in this workpiece hydrophobic process by emitting an 
ultraviolet beam or electron beam to the pattern-forming openings as 
necessary. This hydrophilic process includes the breakdown and removal of 
the formed hydrophobic film by means of ultraviolet light or electron beam 
instead of just simply imparting hydrophilic by removing fluorine adhering to 
the workpiece 20 or reacting with the workpiece 20. Pattern adhesion can be 
improved when the liquid pattern material supplied to the pattern-forming 
openings solidifies by thus imparting hydrophilic. It is therefore possible to 
achieve good electrical conductivity and achieve excellent electrical 
characteristics when an electrical connection is required between the formed 
pattern and the workpiece. 

[00205] When processing of the workpiece 20 for hydrophobic properties is 
completed, the pattern material supply process for supplying a specific 
amount of liquid pattern material 312 to the pattern forming recesses is 
executed (step S161). Supplying the liquid pattern material 312 to the 
recesses in this pattern material supplying process can be accomplished as 
described above. When supplying the liquid pattern material to the pattern 
forming recesses is completed, the adherent liquid removal process of step 
S162 is executed. In other words, liquid pattern material 312 adhering to the 
surface of the workpiece 20 is removed. Removing liquid pattern material 312 
adhering to the workpiece 20 surface can be accomplished as described above 
using an air knife 330 shown in Fig. 4, or by rotating or inclining the 
workpiece 20. 

[00206] The pattern material supply process in step S160 and the adherent 
liquid removal process of step S162 can be repeated as many times needed. 
Once steps S161 and S162 have been repeated the necessary number of times, 
the pattern forming process is completed by heating and sohdifying the liquid 
pattern material 312 supplied to the pattern forming recesses (step S163). 
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[00207] The heating temperature of the pattern material in the pattern 
material heating and solidifying process of step S163 differs according to the 
liquid pattern material 312, and there are cases in which the heating and 
solidifying temperature is approximately 80° to 120°C and does not different 
much from the drying temperature, and cases in which it is necessary to heat 
to the annealing temperature of 200°C or higher. As may be necessary, the 
pattern material heating and sohdifying process can also contain a drying 
process for evaporating solvent in the liquid pattern material 312 and an 
annealing process for annealing the dried solute. 

[00208] It should be noted that if the surface of the workpiece 20 is already 
hydrophobic, the workpiece hydrophobic process of step S160 can be omitted. 
As indicated by the dotted line in Fig. 13, the adherent liquid removal process 
of step S162 and the pattern material heating and sohdifying process of step 
S163 can be applied when the liquid pattern material 312 is supplied to the 
pattern forming recesses, and the next pattern material supply process 
executed as soon as the pattern material heating and solidifying process ends. 
If the pattern material supply process is thus executed after the heating and 
solidifying process ends, a fine pattern with extremely low internal stress can 
be formed. 

[00209] Fig. 14 is a flow chart of an eighth pattern forming method according 
to the present invention. The pattern forming method of this embodiment is 
also applied when pattern forming recesses are also disposed to the workpiece 
20. This eighth pattern forming method first hydrophobic processes the 
surface of the workpiece 20 (step S170). This workpiece 20 hydrophobic 

process is as described previously. 

'» 

[00210] Then, in the pattern material supply process, a specific amount of 
liquid pattern material 312 is supplied to the pattern forming recesses 
disposed to the workpiece 20 (step S171). The adherent liquid removal process 
for removing the liquid pattern material 312 adhering to the workpiece 
surface is then applied as shown in step S172. After unneeded pattern 
material is removed, the workpiece 20 is heated to a specific temperature (80° 
to 120°C, for example) to dry liquid pattern material 312 supplied to the 
workpiece 20 recesses (step S173). 

[00211] The process then returns to step S171 to run the pattern material 
supply process and again supply the liquid pattern material 312 to the pattern 
forming recesses in which dried solid pattern material is present, and then 
repeat steps S172 and S173. These steps S171 to S173 are repeated as many 
times as necessary. When the last pattern material supply process, adherent 
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liquid removal process, and pattern material drying process are completed, 

dried solid solute in the liquid pattern material 312 is annealed at high 

temperature to complete the solidification reaction. 

[00212] By thus supplying the liquid pattern material to the pattern forming 
recesses a small amount at a time, and repeating the pattern material supply 
and pattern material drying steps, the formation of voids when the pattern 
material dries can be prevented, and a detailed pattern with low internal 
stress can be formed. Moreover, because unnecessary liquid pattern material 
adhering to the workpiece surface is removed before drying the liquid pattern 
material 312, excess material adhering to the workpiece 20 surface can be 
removed more easily than when dried material is removed. 

[00213] It will also be obvious that a pattern can be formed by applying the 
processes from step S171 to S174 only once. 

[00214] Fig. 15 is a flow chart of a ninth pattern forming method according to 
the present invention. This ninth pattern forming method first applies 
hydrophobic processing to the surface of the workpiece 20 in which pattern 
forming recesses are also formed (step S180). Then using a discharge device 
such as the print head of an inkjet printer, a specific amount of liquid pattern 
material 312 is selectively supplied to the pattern forming recesses of the 
workpiece 20 (step S181). The liquid pattern material 312 is then heated and 
solidified (step S182) to complete pattern forming. Heating and solidifying the 
pattern material can be done at a relatively low temperature of 120°C or less 
as described above, or at a higher temperature. Pattern heating and 
solidifying can also contain a process for drying the liquid pattern material 
and a subsequent annealing process. 

[00215] By thus selectively supplying the liquid pattern material 312 to the 
pattern forming recesses of the workpiece 20 by means of a discharge device in 
this ninth pattern forming method, it is not necessary to provide a step for 
removing material adhering to the workpiece surface, and processing can be 
simplified. 

[00216] It should be noted that as indicated by the dotted line in Fig. 15, the 
pattern material supply process of step S181 and the pattern material heating 
and solidifying process of step S182 are repeated once heating and solidifying 
the liquid pattern material 312 supplied to the pattern forming recesses ends. 
Pattern forming ends when the pattern material supply process and pattern 
material heating and solidifying process have been repeated the necessary 
number of times. 
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[00217] Fig. 16 is a flow chart of a tenth pattern forming method according to 
the present invention. As described above, the pattern forming method of this 
embodiment first applies hydrophobic processing to the surface of the 
workpiece 20 in which pattern forming recesses are also formed (step S190). A 
specific amount of liquid pattern material 312 is then supplied to the pattern 
forming recesses (step S191). Next, the liquid pattern material 312 supplied to 
the pattern forming recesses of the workpiece 20 is dried (step S191). When 
drying the pattern material is completed, processing returns to step S191 to 
supply liquid pattern material 312 to the recesses again, and the pattern 
material drying process of step S192 is accomplished. This pattern material 
supply process and pattern material drying process are repeated as many 
times necessary. 

[00218] When the last pattern material supply process and pattern material 
drying process end, dried solids of the liquid pattern material 312 adhering to 
the workpiece surface are removed by CMP, plasma etching at atmospheric 
pressure, or other technique (step S193). After removing the dried solids is 
completed, solutes contained in the liquid pattern material 312 are annealed 
in the pattern material annealing process as shown in step S194. 

[00219] It should be noted that as indicated by the dotted line in Fig. 16, the 
second and subsequent pattern material supply processes can be performed 
after the dried solid removal process of step S193, or after the pattern 
material annealing process of step S194. Furthermore, the pattern material 
solidifying process of step S194 can be applied after the pattern material 
drying process of step S192 without performing the dried solid removal 
process of step S193, and the solid removal process then applied as indicated 
by the dotted line step S193a in Fig. 16. By thus performing the solid removal 
process of step S193a after the pattern material solidifying process of step 
S194, removing the solids can be completed in one step and the process can 
thus be simplified. It is, of course, also possible to apply the solid removal 
process after the pattern material annealing process, then return to step S191 
and repeat step S191, step S192, step S194, and step S193a the necessary 
number of times. 

[00220] Fig. 17 is a flow chart of an eleventh pattern forming method according 
to the present invention. This eleventh pattern forming method is one pattern 
forming method applied when pattern forming recesses are not disposed to the 
workpiece 20. 

[00221] This method first forms a mask on the workpiece 20 surface in the 
same way as previously described step S200), and the mask hydrophobic 
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process is then applied (step S201). Next, after supplying the liquid pattern 

material 312 to the pattern-forming openings formed in the mask (step S202), 

the adherent liquid removal process for removing liquid pattern material 312 

adhering to the mask surface is performed (step S203). Then, the liquid 

pattern material 312 in the pattern-forming openings is dried and annealed in 

the heating and solidifying process (step S204, step S205). 

[00222] Once annealing the pattern is completed, the process returns to the 
pattern material supply process in step S202, and steps S202 to S205 are 
repeated the necessary number of times. Once the last pattern material 
annealing process is completed, the mask removal process is performed as 
shown in step S206. 

[00223] It should be noted that as may be required, steps S204 to S206 can be 
performed after repeating the pattern material supply process of step S202 
and the adherent liquid removal process of step S203 the necessary number of 
times, or the pattern annealing process of step S205 and the mask removal 
process of step S206 can be performed after repeating steps S202 to S204 the 
necessary number of times, as indicated by the dotted line in Fig. 17. 

[00224] Figs. 18(1)- 18(3) and Figs. 19(1)- 19(3) are descriptive diagrams of a 
manufacturing process applying a pattern forming method according to an 
embodiment of the invention to a semiconductor substrate. 

[00225] If a pattern forming method according to an embodiment of the present 
invention is applied to a process for forming lines on a semiconductor 
substrate as the workpiece, a semiconductor substrate 30 as shown in Fig. 18 
(1) is first introduced to the mask material coating unit 110 of the mask 
forming unit 100 and placed on table 112. While then rotating the 
semiconductor substrate 30 with the table 112 by means of motor 118, a 
photoresist 114 is dripped from the resist supply unit 116 to coat an organic 
photoresist onto the surface 32 of the semiconductor substrate 30. The 
photoresist is then dried to form a photoresist film 35 comprising an organic 
film as the mask material (see Fig. 18 (2)). 

[00226] After forming the photoresist film 35, the semiconductor substrate 30 
is conveyed to the exposure unit 122, light 126 is emitted through the transfer 
mask 132 from above the photoresist film 35 to expose a wiring pattern on the 
surface of the photoresist film 35 (exposure process). The semiconductor 
substrate 30 with the exposed photoresist film 35 is then introduced to the 
developer unit 124 and immersed in developer solution 138 to develop the 
photoresist film 35. This forms a mask 36 having channels 38 that will be the 
pattern-forming openings (recesses) exposing the surface 32 of the 
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semiconductor substrate 30 where lines are to be formed as shown in Fig. 18 

(2). Note that the width of these channels 38 is the same as the width of the 

wiring lines. 

[00227] After thus forming a mask 36 having channels 38 exposing the surface 
32 of semiconductor substrate 30, the mask 36 is coated with a liquid 
inorganic electrically conductive material (liquid pattern material), thus 
forming an inorganic conductive film 40 filling the channels 38 and covering 
the top of the mask 36 as shown in Fig. 18 (3). Note that spin coating can be 
used when the inorganic conductive film 40 is formed covering the mask 36. 
That is, if the semiconductor substrate 30 is spun and the inorganic 
conductive material is dripped onto the spinning center of the spinning 
semiconductor substrate 30, the inorganic conductive material will spread to 
the outside of the semiconductor substrate 30 by centrifugal force, and a 
uniform inorganic conductive film 40 can be formed on the surface. 

[00228] After thus forming the inorganic conductive film 40 on mask 36, an 
etching solution or mixed gas-liquid etching solution is applied under 
atmospheric pressure to etch the inorganic conductive film 40 as shown in Fig. 
19 (1). Spin etching is preferably used to etch the inorganic conductive film 20, 
and by using this technique the etching solution can be evenly coated onto the 
surface of the inorganic conductive film 40 and the etching of the inorganic 
conductive film 40 can be made to progress evenly. 

[00229] It will be noted that etching is time controlled, and is applied until the 
inorganic conductive film 40 remains only in the channels 38 of the mask 36, 
that is, until the inorganic conductive film 40 is removed from the surface of 
the mask 36. It will also be noted that the inorganic conductive film 40 is 
removed by spin etching in this embodiment, but the invention shall not be so 
limited as other methods, such as CMP, can be used. In addition, if the 
inorganic conductive film 40 is removed by CMP, it can be removed in the 
atmosphere, similarly to spin etching, but with CMP the top of the inorganic 
conductive film 40 in the channels 38 can be made flat. 

[00230] After thus etching until the inorganic conductive film 40 remains only 
in the channels 38, it is sufficient to introduce the semiconductor substrate 30 
to an atmospheric pressure plasma device not shown in the figures in order to 
remove the mask 36 comprising a photoresist film 35 formed on the surface 32 
of the semiconductor substrate 30. A line 42 comprising an inorganic 
conductive film 40 can thus be formed on the surface 32 of semiconductor 
substrate 30 by thus removing the mask 36 from the surface 32 of 
semiconductor substrate 30. Furthermore, production without using PFC gas 
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having a high global warming coefficient is possible with this embodiment of 

the invention because dry etching or cleaning in a chamber is not necessary as 

it is with conventional manufacturing processes. 

[00231] It should be noted that while this embodiment is described as forming 
the inorganic conductive film 40 on the mask 36 soon after forming the mask 
on the semiconductor substrate 30, it is desirable to introduce the 
semiconductor substrate 30 to the hydrophobic processing unit 200 shown in 
Fig. 3 for hydrophobic processing after the mask 36 with channels 38 is 
formed. This hydrophobic process is accomplished as follows. 

[00232] The semiconductor substrate 30 with mask 36 disposed thereon is 
conveyed into the process chamber 218 shown in Fig. 3. Then, CF4 is 
introduced at atmospheric pressure to the arc discharge chamber 210 from the 
gas supply source 214, and a gaseous discharge is generated in the arc 
discharge chamber 210. This causes the CF4 to break down, producing active 
fluorine. When the process gas 216 containing active fluorine is then supplied 
to the process chamber 218, the surface of the mask 36, which is an organic 
film, is fluorinated and becomes hydrophobic. As a result, the liquid inorganic 
conductive material thus moves easily across the surface of the hydrophobic 
processed mask when a liquid inorganic conductive material is dripped onto 
the rotating semiconductor substrate 30, the liquid inorganic conductive 
material can be easily supplied to the channels 38, it is difficult for the liquid 
inorganic conductive material to adhere to the surface of the mask 36, and the 
liquid inorganic conductive material can be selectively supplied to the 
channels 38. Etching (etch back) the inorganic conductive film 40 on the mask 
36 as described in the above embodiment is therefore not necessary, and 
processing can be further simplified. It should be noted that if the hydrophobic 
process heats the semiconductor substrate 30 to a suitable temperature, such 
as approximately 80° to 150°C, the mask 36 fluorination reaction can be 
promoted and process time can be shortened. 

[00233] Furthermore, if a specific volume discharge device such as the print 
head of an inkjet printer is used to supply the liquid inorganic conductive 
material and fill the channels 38 of the mask 36, the liquid inorganic 
conductive material can be supplied to the channels 38 without the liquid 
inorganic conductive material adhering to the mask 36 surface. Yet further, 
the liquid inorganic conductive material, that is, the pattern material, can be 
supplied to the channels 38 of the mask 36 by means of the pattern material 
supply process 300 shown in Fig. 4 when forming fine lines 42 with a width of 
1 nm or less. 
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[00234] That is, after applying hydrophobic processing to the mask 36 in 
hydrophobic processing unit 200, the semiconductor substrate 30 is placed on 
the process stage 318 of the pattern material supply unit 300. While then 
rotating the process stage 318 by means of motor 320, a positive dc voltage is 
applied to the semiconductor substrate 30 by the dc power supply 328 through 
the intervening process stage 318. In addition, while supplying the liquid 
inorganic conductive material from the liquid pattern material source 314 to 
the atomizer 311, nitrogen for misting is supplied from the mist gas source 
316 to the atomizer 311 to produce a particle mist of approximately 0.2 jim or 
less from the liquid inorganic conductive material and discharge the particle 
mist from the shower head 310. The semiconductor substrate 30 is heated by a 
heater 326 built in to the process stage 318 at this time to a temperature 
suitable for evaporating solvent in the liquid inorganic conductive material. 

[00235] It should be noted that because the semiconductor substrate is 
conductive, it is simple to create a uniform field in the process surface. 
However, if glass or other dielectric material is processed, it is desirable to 
place a dielectric process material (dielectric process substrate) 340 on the flat 
electrode 342 as shown in Fig. 32 to form a uniform field on the dielectric 
process substrate 340 by way of intervening flat electrode 342. 

[00236] It will be further noted that while a dc power supply 28 is used as the 
power source for applying a voltage to the workpiece 20 or dielectric process 
substrate 340 in this embodiment, the invention shall not be so limited as an 
ac power source could be used. 

[00237] The mist particles of the liquid inorganic conductive material 
discharged from the shower head 310 are negatively charged. Static attraction 
thus works between the semiconductor substrate 30 to which a positive dc 
voltage is applied and the inorganic conductive material particles, causing the 
particles of the liquid inorganic conductive material to adhere to the rotating 
semiconductor substrate 30. The particles slide over the mask 36 surface and 
enter the channels 38 because the surface of the mask 36 formed on the 
semiconductor substrate 30 has been processed for liquid-repellence. After 
supplying the inorganic conductive material to the channels 38 for a specific 
time, unnecessary liquid inorganic conductive material adhering to the mask 
36 surface is removed with the air knife 330. If this process removing 
unnecessary adherent liquid is performed while the semiconductor substrate 
30 is turning or the semiconductor substrate 30 is inclined, it can be 
accomplished more efficiently using a lower air pressure. If the liquid 
inorganic conductive material is supplied to the channels 38 while heating the 
semiconductor substrate 30, the liquid inorganic conductive material drying 
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process can be omitted and a fine inorganic conductive film 40 can be 

achieved. 

[00238] It should be noted that the above adherent liquid removal process can 
be performed after the pattern material supply process supplying the liquid 
inorganic conductive material to the channels 38 of the mask 36 is completed. 
Furthermore, the inorganic conductive film 40 forming the lines 42 can as 
necessary be annealed in the pattern material setting unit 500 indicated by 
the dotted line in Fig. 1. 

[00239] The inventors developed examples of applications for a pattern forming 
method according to the present invention in a method for separating 
elements in a semiconductor device, a process for forming FET gate electrodes, 
and a process for forming contacts between wiring layers. The procedures for 
these three examples are described next below as embodiments of the 
invention. It should be noted that further description of aspects common to the 
pattern forming methods described above is omitted below. 

[00240] Figs. 20(1) - 20(3) and Figs. 21(1) - 21(3) are manufacturing process 
diagrams used to describe the applying of a pattern forming method according 
to an embodiment of the present invention to a method for isolating elements 
in the production of a semiconductor device, and correspond to a shallow 
trench forming process in a conventional semiconductor device manufacturing 
process. 

[00241] In a semiconductor substrate it is necessary to form a dielectric pattern 
between element areas (i.e. active areas) 600A, 600B, and 600C, where 
semiconductor elements are formed, to isolate the elements and prevent 
shorting between the elements formed in the element areas 600A, 600B, and 
600C. 

[00242] To this end a mask 606 comprising a photoresist film, that is, a mask 
material, is formed on the surface 604 of the semiconductor substrate 602. 
That is, the surface 604 of semiconductor substrate 602 is first coated with a 
photoresist to form a photoresist film 605. The photoresist film 605 is then 
exposed and developed through the mask for forming the element isolation 
areas, thus forming a mask 606 having channels 608 exposing the substrate 
surface 604 between the element areas 600A, 600B, and 600C. 

[00243] The semiconductor substrate 602 on which channels 608 are formed is 
then introduced to a spin coating process whereby the surface is coated with a 
liquid dielectric material so as to fill the channels 608 and cover the mask 606, 
forming dielectric layer 610. This state is shown in Fig. 20(2). After thus 
forming the dielectric layer 610, the dielectric layer 610 is etched with a spin 
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etching method, thus exposing the photoresist film 605 forming the mask 606 

as shown in Fig. 20(3). 

[00244] The mask 606 is then removed in an atmospheric pressure plasma 
device as shown in Fig. 21 (1). A dielectric pattern 612 comprising dielectric 
layer 610 for element isolation is thus formed on the surface 604 of 
semiconductor substrate 602. 

[00245] After thus removing the mask 606, the semiconductor substrate 602 is 
introduced to a spin coating process to coat the dielectric pattern 612 and form 
a silicon layer 614. After thus forming the silicon layer 614, the semiconductor 
substrate 602 is again introduced to a spin etching process to etch the silicon 
layer 614 until the surface of the dielectric pattern 612 is exposed. Element 
areas 600 (i.e. 600A, 600B, 600C) are thus formed from the silicon layers 614 
separated by the dielectric pattern 612. 

[00246] Figs. 22(1) - 22(3) and Figs. 23(1) - 23(2) are manufacturing process 
diagrams used to describe the applying of a pattern forming method according 
to an embodiment of the invention to a process for forming FET gate 
electrodes. 

[00247] When forming MOS-FET gate electrodes, a semiconductor substrate 
602 having element areas 600A, 600B, and 600C separated by dielectric 
pattern 612 as shown in Fig. 22 (1) is introduced to an oxidation oven. The 
silicon layer 614 of the element areas 600 is then thermally oxidized to form a 
thin gate electrode film (not shown in the figure) of silicon dioxide on the 
surface of the silicon layer 614. 

[00248] The silicon layer 614 and dielectric pattern 612 are then covered with a 
photoresist coating, forming the photoresist film 616 as shown in Fig. 22(2). 
The photoresist film 616 is then exposed and developed through a gate 
electrode formation mask, forming a mask 620 having channel 618 exposing 
the surface of silicon layer 614 forming element area 600B. Note that the 
width of this channel 618 is the same as the length of the gate electrode. 

[00249] The semiconductor substrate 602 on which channel 618 is formed is 
then introduced to a spin coating process to fill the channel 618, apply a liquid 
inorganic conductive material so as to cover the mask 620 and form an 
inorganic conductive film 622. This state is shown in Fig. 22(3). 

[00250] After thus forming the inorganic conductive film 622, a spin etching 
process continues etching until the surface of the mask 620 is exposed as 
shown in Fig. 23 (1). The photoresist film 616 forming the mask 620 is then 
removed by an atmospheric pressure plasma device as shown in Fig. 23(2). It 
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is thus possible to form a gate electrode 624 comprised of an inorganic 

conductive film 622 on the silicon layer 614 forming element area 600B with a 

gate oxidation film therebetween. 

[00251] Figs. 24(10) - 24(3), Figs. 25(1) - 25(3), and Figs. 26(1) - 26(2) are 
manufacturing process diagrams used to describe applying a pattern forming 
method according to an embodiment of the present invention to a process for 
forming contacts between wiring layers. 

[00252] Continuing with Fig. 23(2), the semiconductor substrate 602 having 
gate electrode 624 disposed thereon is conveyed into an ion injection device 
not shown in the figures. Then, using the gate electrode 624 as a mask, 
impurity ions are injected to the exposed part on both sides of the gate 
electrode 624 in element area 600B to produce a source area and drain area 
(neither shown in the figure). 

[00253] Then, as shown in Fig. 24 (1), a photoresist is applied to cover the 
dielectric pattern 612, silicon layer 614, and gate electrode 624, forming 
photoresist film 626. Exposure and development through the mask for contact 
hole formation then forms contact holes 628 in the photoresist film 626, 
producing a mask exposing the surface of element area 600B forming a source 
area and drain area, and the surface of the gate electrode 624. 

[00254] Then, as shown in Fig. 24(2), a solution containing tungsten is applied 
covering the photoresist film (mask) 626 to build up tungsten 630, and filling 
tungsten 630 into the contact holes 628. The tungsten deposited on the surface 
of photoresist film 626 is then removed by spin etching or CMP to expose the 
surface of the photoresist film 626 as shown in Fig. 24(3). 

[00255] The photoresist film 626 is then removed by atmospheric pressure 
plasma or spin etching using a different etching solution. This results in the 
tungsten (plug) 630 filling the contact holes 628 projecting up from the surface 
of the element area 600B and gate electrode 624 as shown in Fig. 25 (1). 

[00256] A dielectric layer 632 is then formed covering the tungsten plugs 630 
by applying a liquid dielectric material by spin coating, for example. Then, as 
shown in Fig. 25(2), the dielectric layer 632 is etched by a spin etching process 
until the surface of the tungsten plug 630 is exposed. 

[00257] A photoresist film 634 is then formed by applying a photoresist over 
the dielectric layer 632 by spin coating, for example (see Fig. 25 (3)). The 
photoresist film 634 is then exposed and developed through a wiring formation 
mask, forming a mask having wiring trenches 636 exposing the top of the 
dielectric layer 632 as shown in Fig. 25(3). 
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[00258] After thus forming trenches 636 in the photoresist film 634, an 
aluminum layer 638 is formed to fill the trenches 636 as shown in Fig. 26 (1). 
The aluminum layer 638 is then etched by spin etching, for example, exposing 
the surface of the photoresist film (mask) 634 having the wiring trenches 636. 
The photoresist film 634 is then removed by an atmospheric pressure plasma 
process. Aluminum wiring 640 electrically connected to the tungsten plugs 
630 can thus be formed on top of dielectric layer 632 as shown in Fig. 26(2). 

[00259] Figs. 27(1) - 27(4) and Figs. 28(1) - 28(4) show the steps for forming 
transparent electrodes of ITO (indium tin oxide) for a liquid crystal display 
device using a patterning method of the present invention. 

[00260] To form an ITO transparent electrode, a resist film 652 is first formed 
over the entire surface of a cleaned glass substrate 650 that is the workpiece 
20 as shown in Fig. 27 (1). More specifically, the glass substrate 650 is 
conveyed into the mask material coating unit 110 of the mask forming unit 
100 shown in Fig. 2. With the glass substrate 650 placed on a rotating table 
112, a photoresist 114 is then dripped from above and dried to form a resist 
film 652. The thickness of the resist film 652 is made greater than the height 
of the electrode pattern to be formed. 

[00261] The glass substrate 650 with resist film 652 formed thereon is then 
conveyed to the mask patterning unit 120 as shown in Fig. 2. After then 
exposing the resist film 652 in the exposure unit 122, the glass substrate 650 
is immersed in developer solution 138 in the developer unit 124 to form resist 
film 652. A mask 656 comprised of resist film 652 having openings 654 
(trenches) for electrode pattern forming exposing the surface of the glass 
substrate 650 is thus formed as shown in Fig. 27 (2). 

[00262] A hydrophobic process is then applied to the surface of the mask 656. 
More specifically, a fluoropolymer film 658 is formed on the surface of the 
glass substrate 650 and mask 656 as shown in Fig. 27 (3). The fluoropolymer 
film 658 is formed as follows. It should be noted that the hydrophobic process 
of this embodiment forming the fluoropolymer film 658 is described using an 
apparatus of the mask forming unit 150 shown in Fig. 6 as the hydrophobic 
processing unit 200 shown in Fig. 1. 

[00263] The glass substrate 650 is first introduced to the film processing 
chamber 152 shown in Fig. 6 and placed on the film formation stage 154. The 
transfer mask 24 shown in Fig. 6 is not used, however. 

[00264] Next, air inside the film processing chamber 152 is removed by 
vacuum pump 160. The liquid fluorocompound 170 such as CsFis in the 
container 172 of the film formation material supply unit 168 is then heated by 
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heater 174 to vaporize the liquid fluorocompound 170. Nitrogen or other 

carrier gas is then flowed from the carrier gas supply unit 178 into the supply 

line 166 to carry the liquid fluorocompound 170 vapor into the film processing 

chamber 152. A high frequency voltage is then applied between the film 

formation stage 154 and high frequency electrode 158 by means of high 

frequency power source 156, and an arc is discharged through the liquid 

fluorocompound 170 vapor introduced to the film processing chamber 152. 

Some of the bonds of the straight chain liquid fluorocompound 170 are thus 

broken, and the resulting activated fluorocompound vapor reaching the 

surface of the glass substrate 650 polymerizes, forming a hydrophobic 

fluoropolymer film 658 over the entire surface of the glass substrate 650. Note 

that this polymer film 658 is formed to a thickness of approximately 100 

angstroms. 

[00265] It should be noted that the fluoropolymer film 658 is also formed on 
the surface of the glass substrate 650 exposed by the electrode pattern- 
forming openings (referred to simply below as openings) 654 in the above- 
described hydrophobic process. The inside of the openings 654 is therefore 
processed for hydrophilic properties. More specifically, ultraviolet light is 
emitted into the electrode pattern-forming openings 654 to remove the 
fluoropolymer film 658 as shown in Fig. 27 (4). 

[00266] The fluoropolymer film 658 is removed by placing an ultraviolet light 
emission mask, which passes light only in the parts corresponding to the 
electrode pattern forming areas, over the glass substrate 650 and then 
emitting the ultraviolet light. The ultraviolet light thus breaks the bonds of 
the fluoropolymer film 658, and the fluoropolymer film 658 formed in the 
openings 654 is removed. The resist and other organic materials adhering to 
the glass substrate 650 are also broken down and removed. A hydrophilic 
property is thus imparted onto the electrode pattern forming part of the glass 
substrate 650. 

[00267] It should be noted that if the solvent of the liquid pattern material is 
octane or other organic solvent, an adhesion improvement process using a 
nonionic surfactant is applied in addition to the above. More specifically, a 1% 
aqueous solution of a nonionic surfactant (RO-(CH2CH20)nH) is applied to the 
surface of the glass substrate 650 to improve adhesion with the liquid pattern 
material. It should be noted that the nonionic surfactant can be applied in the 
film formation chamber directly before the film formation process described 
next, or in a different process chamber. The adhesion improvement process 
applied to the glass substrate 650 can also be performed with the film 
formation process in the film formation processing chamber. 
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[00268] Liquid pattern material 312 is then supplied to fill the inside of the 
electrode pattern-forming openings 654 as shown in Fig. 28 (1). More 
specifically, the glass substrate 650 is introduced to the pattern material 
supply unit 300 shown in Fig. 4 and placed on the process stage 232. The 
atomizer 311 then produces mist particles from the liquid pattern material 
312, which is discharged from the shower head 310 and supplied to the glass 
substrate 650. 

[00269] In this embodiment the liquid pattern material 312 is a dispersion of 
ITO micr op articles (with a particle diameter of 0.1 \im or less) in octane 
(CsHi8) or other organic solvent. 

[00270] It should be noted that a film improvement process can also be 
accomplished by supplying a reaction gas simultaneously to supplying the 
liquid pattern material 312. More specifically, the reaction gas is mixed with 
the liquid pattern material 312 and supplied to the atomizer 311 to produce 
liquid pattern material 12 particles that are then discharged from the shower 
head 310. The reaction gas can be carbon tetrafluoride gas or oxygen, and can 
adjust the percentage of oxides in the formed ITO film. 

[00271] It should be noted that if an electron beam is emitted from an electron 
beam emission tube not shown in the figures to the discharged liquid pattern 
material 312, the emitted electron beam will negatively charge the atomized 
liquid pattern material, and the charge capacity of the drops can be increased. 

[00272] Atomized by the atomizer 311 and discharged as a mist by the shower 
head 310, the liquid pattern material 312 can free fall and coat the surface of 
the glass substrate 650 on the process table 318, but a 10 kV bias voltage, for 
example, can be applied to the process stage 318 to positively charge the 
surface of the glass substrate 650 to attract the drops of the negatively 
charged liquid pattern material 312. It should be further noted that because 
producing a mist negatively charges the liquid pattern material 312 naturally, 
those drops that do not collide with the electron beam can also be attracted to 
the glass substrate 650. 

[00273] If the glass substrate 650 is rotated by a motor 32, the liquid pattern 
material 312 on the fluoropolymer film 658 will enter the electrode pattern- 
forming openings 654. The liquid pattern material 312 can therefore be 
supplied quickly to the openings 654, and the liquid pattern material 312 will 
uniformly fill the openings 654. 

[00274] When supplying the liquid pattern material 312 to the openings 654 is 
completed, excess liquid pattern material 312 adhering to the mask 656 is 
removed with an air knife 330. It should be noted that the excess liquid 
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pattern material can also be removed by spinning the glass substrate 650. The 

liquid pattern material 312 on the mask 656 can also be removed by tilting the 

glass substrate 650. 

[00275] The glass substrate 650 is then heated to dry the liquid pattern 
material 312. In this embodiment supplying the liquid pattern material 312 to 
the electrode pattern-forming openings 654 of the mask 656 and drying the 
pattern material occur simultaneously. That is, the glass substrate 650 is 
heated to a temperature vaporizing solvent in the liquid pattern material 312 
by means of the heater 326 built in to the process table 318 on which the glass 
substrate 650 is placed. Because supplying the liquid pattern material 312 to 
the electrode pattern-forming openings 654 and drying the liquid pattern 
material 312 thus occur at the same time, the process can be simplified and 
the pattern forming time can be shortened. Moreover, because the liquid 
pattern material 312 is misted with nitrogen and drying the liquid pattern 
material 312 occurs in an inert gas atmosphere, the pattern material can be 
prevented from oxidizing more than necessary. 

[00276] Furthermore, the drying temperature of the liquid pattern material 
312 is below the boiling point of the organic solvent in order to avoid 
producing voids in the pattern film. For example, if the solvent in the liquid 
pattern material 312 is octane (CsHis), the solvent boiling point is 
approximately 170°C, and the liquid pattern material 312 is therefore heated 
to 150°C or less in a nitrogen atmosphere. The liquid pattern material 312 
thus solidifies as pattern film 660 and an ITO layer is formed (Fig. 28 (2)). 

[00277] It should be noted that when the drying process follows the pattern 
material supply process, drying is preferably at 150°C or less for 5 minutes or 
more. The surface of the pattern film 660 can also be formed to a desired 
configuration by controlling the rate at which the temperature rises in the 
drying process. Figs. 29(1) and 29(2) show the correlation between the speed 
at which the drying temperature rises and the surface configuration of the 
pattern film. 

[00278] After the preceding film formation process ends, the electrode pattern- 
forming openings 654 in the mask 656 are filled with liquid pattern material 
312 as shown in Fig. 29 (1). If the temperature rises rapidly in the drying 
process, solvent contained in the liquid pattern material 312 evaporates 
primarily from the middle. This results in the dried pattern film 660a having 
a depression in the middle. On the other hand, if the temperature rises slowly 
in the drying process, solvent contained in the liquid pattern material 312 



SubstituteSpec.doc 
Customer No. 20178 



49 



P6495a 10/026,286 

evaporates uniformly throughout. This results in a swelled center in the dried 

pattern film 660b as shown in Fig. 29 (2). 

[00279] The surface of the pattern film 660 can therefore be formed to the 
desired shape by increasing the drying temperature while observing the 
surface configuration of the pattern film 660. It will be noted that the surface 
of the pattern film can be made flat, a shape between the shapes shown in Fig. 
29 (1) and (2). 

[00280] The pattern film is then annealed and the mask 656 removed. The 
annealing temperature of the pattern film 660 and the carbonization 
temperature of the resist are first compared. If the carbonization temperature 
of the resist film forming the mask 656 is higher than the annealing 
temperature of the pattern film 660, the pattern annealing process follows the 
drying process. 

[00281] However, if the carbonization temperature of the resist film is lower 
than the annealing temperature of the pattern film 660, the resist film (mask 
656) will carbonize during the annealing process and removing the mask 656 
will be difficult. In this case, therefore, the mask removal process is performed 
first and then the pattern annealing process is performed. It should be noted 
that because the carbonization temperature of PMMA, a typical resist, is 
approximately 260°C, and the annealing temperature of an ITO film is 500°C 
or higher, the resist removal process is performed first and then the annealing 
process is performed. 

[00282] It should be noted that if it is necessary to shape the surface of the 
pattern film 660, a shaping process as shown in Fig. 28 (3) can be applied 
before the mask removal process. More specifically, CMP (chemical 
mechanical polishing) or other process is run until the pattern film 660 
reaches the desired thickness. There is little deformation or damage to the 
pattern film 660 at this time because the edge of the pattern film 660 is 
protected by the mask 656. Residual liquid pattern material 312 on the 
surface of the fluoropolymer film 658 and the fluoropolymer film 658 itself are 
also removed at the same time in conjunction with the shaping process. 

[00283] The mask 656 is removed next. The mask removal process is 
accomplished by heating the glass substrate 650 in an oxygen or activated 
oxygen atmosphere. 

[00284] The glass substrate 650 is next heated to anneal the pattern film 660. 
The pattern annealing process can be done in air or in an inert gas 
environment to prevent heat oxidation of the pattern film 660. Annealing is 
done at 500°C or higher in an nitrogen atmosphere for an ITO film. It should 
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be noted that film improvement and annealing can be done at the same time 

by annealing in an active gas environment containing fluorine radicals or 

ozone radicals, for example, if the annealing process is done at a low 

temperature of 400°C or less. 

[00285] An electrode pattern 662 is thus formed from an ITO pattern film 660 
on the surface of the glass substrate 650 as shown in Fig. 28 (4). 

[00286] All processes described in the above pattern forming method can be 
performed in an environment at or near atmospheric pressure because of the 
change from a conventional process for removing the pattern material formed 
on the process member surface to a process for adding to or filling trenches. It 
is therefore not necessary to provide vacuum equipment, and less energy is 
required to run the equipment. The manufacturing cost can therefore be 
reduced. 

[00287] Furthermore, by using liquid materials and forming films by 
dispersing a liquid pattern material mist to the surface of the coated 
substrate, it is possible to form a film only on the processed substrate and an 
operation for removing by means of PFC gas a film formed on the side walls of 
the film formation process chamber is not required as it is with the prior art. 
Yet further, because the particle size can be reduced to approximately 0.2 \im 
by generating a mist, this process provides excellent step coverage and trench 
filling performance, and can form a fine pattern film 660 with a line width of 1 
[im or less, for example. Moreover, because the misted particles are charged 
naturally, the film formation speed can be improved as described below. A 
pattern film 660 that is uniform across the glass substrate 650 can also be 
formed by discharging a liquid pattern material 312 mist. 

[00288] The liquid pattern material 312 can also be quickly supplied to the 
electrode pattern-forming openings 654 and the production cost can be 
reduced by applying a bias voltage to the glass substrate 650 to attract the 
misted liquid pattern material 312. 

[00289] The time required to fill the liquid pattern material 312 into the 
openings 654 can be shortened and the time required to remove excess liquid 
pattern material from the mask 656 can also be shortened by processing the 
mask 656 so that it is hydrophobic to the liquid pattern material 312. The 
manufacturing cost can therefore be reduced. 

[00290] Furthermore, because the bottom of the electrode pattern-forming 
openings 654 is processed to be hydrophilic to the liquid pattern material 312, 
patterning precision is improved and a pattern film 660 can be formed with 
the desired shape. 
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[00291] It will be noted that a structure having a functional thin film formed 
on a substrate by a pattern forming method according to the present invention 
is applicable to, for example, semiconductor devices, electrical circuits, display 
modules, and light emitting devices. Examples thereof are shown in Fig. 30 
and Fig. 31. Fig. 30 is a schematic diagram of a semiconductor device, 
electrical circuit, or display module, for example, and Fig. 31 is a schematic 
diagram of a microstructure forming a light-emitting element, for example. 

[00292] In the case of primarily a semiconductor device or electrical circuit, the 
functional thin film forming the microstructure in Fig. 30 is a metallic thin 
film of a wiring pattern disposed on a substrate, for example, and in the case 
of a display module the functional thin film 702 of the microstructure 700 is, 
for example, an organic molecular film of a color filter disposed on a 
transparent substrate 704. A color filter is shown by way of example in Fig. 
30, but the pattern forming method of the present invention can be used to 
form other types of functional thin films. 

[00293] In Fig. 31 the functional thin film 712 of the microstructure 710 
forming a light-emitting element is an organic EL (electroluminescence) thin 
film used in a light-emitting layer, for example, and an electrode (not shown 
in the figure) paired with a transparent electrode 716 shown in the figure 
formed on a transparent substrate 714 is formed to form an element disposing 
functional thin film 712 therebetween. It will also be obvious that the 
electrodes can be formed using the pattern forming method of the present 
invention. 

[00294] The film thickness of the functional thin film 712 can be determined 
according to the intended application of the microstructure, but is preferably 
0.02 to 4 jim. Products manufactured by applying the film formation method 
of the present invention are high quality, and superior to the conventional 
method with respect to production cost and simplification of the production 
process. 

[00295] APPLICATIONS IN INDUSTRY 

[00296] As described above, the present invention can form a pattern by simply 
filling a liquid pattern material to pattern forming trenches and solidifying 
the liquid pattern material. The present invention therefore does not need to 
use high cost vacuum equipment. As a result, the present invention does not 
require a load lock chamber for transporting work into a vacuum, plural dry 
pumps and turbo pumps for making the process chamber a vacuum, the 
increased footprint required to provide plural chambers in order to improve 
throughput, the attendant increase in clean room size, and the increase in 
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basic equipment used to maintain the same, and therefore helps simplify the 

equipment, reduce the amount of energy used in pattern forming, and reduce 

the pattern forming cost. Furthermore, because the present invention does not 

use CVD, for example, it is not necessary to use PFC gas having a high global 

warming coefficient in order to clean the equipment, thus reducing cost and 

significantly reducing the effect on the global environment. 
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